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Abstract: 
This body of work is the culmination of a two year investigation into the 
role of electronically enhanced apparel and artefacts in providing 
empathetic linkage between people who do not share physical space. 
The research draws from the diverse fields of philosophy, 
communications theory, neuropsychology, presence technologies and 
technologically advanced textiles, and proposes that a nexus of these 
disciplines may provide significant opportunities for enhancing the user 
interactivity of garments and artefacts. Remote emotional connection is 
investigated through the creation of sensor embedded garments and 
artefacts that have been developed in collaboration with a fashion 
designer and an electronics engineer. The prototypes encourage remote 
empathetic connection through the real-time transference of heartbeat. 
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Introduction 
Encouraging remote empathy through the development of enabled 
apparel and artefacts  
 
Research direction  
Contemporary communication technologies are largely predicated upon the 
premise of instantaneous connectedness, between people, places and 
things, irrespective of physical distance. They are advertised as providing 
profound experiences of joy and connection, an experience of seamless 
togetherness regardless of location. Mainstream communication modes 
emphasise network speed, connection access, resolution, portability, 
functionality, entertainment and aesthetic design as primary to the success 
of their products. Within this vision the three by four centimetre screen and 
high resolution display are deemed adequate to emulate the intensities and 
complexities of face-to-face connection with loved ones. They allow us to 
‘be there with you’ from wherever we might be. Yet face-to-face 
communication is a massively complex phenomenon. It involves a plethora 
of micro-activities which occur at a physical, physiological, and 
psychological level. Sectors of our brain are intensively active in 
facilitating our face-to-face connections, recognising at a cellular scale 
intention, motive, sincerity, and emotional authenticity. Our conscious and 
non-conscious involvement in spatially collocated interpersonal 
communication is substantial due to these myriad channels of real-time bi-
directional information transfer. This complex connection is born through 
the fundamental structure of our consciousness and its relationship to 
empathy. Empathy, in its broader definition, is a multifaceted complex 
area, fundamental for human connection.1 In this expanded form empathy 
underscores even our most basic interactions within the world, with our 
environment, our possessions, our pets, and of course each other.  
 
While contemporary communications technologies have the capacity to 
mediate our relationships, they fall short of encouraging the richness of 
real-time collocated communication. This exploration situates empathy as 
being central to effective remote communication. It is based on an 
understanding of consciousness as intersubjectively open to empathetic 
experience, even prior to concrete encounters. It is this ‘readiness to 
empathise’ that spurs an investigation into the potential role of tactile 
awareness media in facilitating augmented experiences of remote 
understanding. My research investigates the potential expansion of remote 
empathy when electronically enhanced apparel and artefacts are 
incorporated into the communications mix. Rather than pursuing the 
manifold functionalities of traditional communications media the garments 
and artefacts focus solely on the goal of enhancing empathy between 
physically distant individuals. In this way they draw attention to the 
strangely counterproductive nature of many communication tools that seek 
to connect people without addressing the essence of what enables 
connection to occur.  
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The aim of my research is to begin to question: can moments of intuitive 
connection be stimulated to enhance empathy between humans who are 
physically remote from one another.  
 
This aim is addressed through the development of a body of research 
supported by projects. The theoretical framework is complex and 
multifaceted consulting a broad range of sources to suggest potentialities 
for new communication modalities. It aims to generate discussion 
regarding intersubjectivity and the critical role of empathy in facilitating 
our most basic interactions. This investigation is supported by a range of 
design prototypes which enrich remote connection through the real time 
transference of presence information. Inspired by remote presence research 
my projects foreground ideas of action at a distance. Enacting change in a 
remote location allows our presence to be registered physically at a 
distance transcending spatial and temporal restrictions. Thus, remote 
interaction steps beyond a representation of presence toward an embodied 
experience of co-presence. Introducing biosignals as the communication 
language through which this presence is expressed questions our bodies’ 
capacity for semantic understanding of like signals. The heartbeat is the 
first sound that we are exposed to, mediated by amniotic fluid. Within the 
context of this research the heartbeat is repositioned as an actively 
extended communication media. Thus my design projects externalise 
internal processes to facilitate a unique sense of empathetic understanding. 
 
 
Image 1: Built prototypes discussed in chapter five: Ether Beat garments and Hand Heart 
electronic devices. 
 
Scope of the research 
The research is concerned with fundamental modes of being in the world 
and in the practical application of this knowledge through the development 
of design prototypes. It investigates the interconnected issues of remote 
presence, empathy and its relationship to consciousness, and alternative 
sense modalities. Through the research I have generated built prototypes 
which explore empathy through the real-time transference of biosignals. 
These design projects draw from the theoretical structure and propose new 
modes of connection. There is such a wide range of areas that, while 
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relevant, fall outside of the scope of the current research. These include 
issues of affective computing, human computer interaction, 
phenomenology, new media studies, network theory, sociology, 
psychoanalysis and psychology. I have prioritised my research around the 
issues of remote presence, flexible consciousness, empathy, and the 
plasticity of perception, for reasons that will be explained in this thesis. 
 
Methodology 
The methodology employed within my research is threefold: the 
development of a conceptual framework that draws from disparate fields; 
the creation of a range of prototypes that are inspired by this theoretical 
basis; and the evaluation of these prototypes through qualitative and 
quantitative means. The research framework, which is discussed in greater 
detail in the following section, is the critical basis for undertaking the 
projects and is itself informed by the design outcomes. It identifies a range 
of limitations in current thinking, offers tentative reasons for these 
limitations and locates potential opportunities for enhancing remote 
communication. My research aims to expand the theoretical frame of 
reference to include conceptual topics outside those usually referred to in 
discourse on communication technologies. Such topics include the 
cognitive architecture of empathy, the flexibility of consciousness, the 
plasticity of sense perception and potentials existent in remote presence 
projects.  
 
Captivated by the complexities that have surfaced through my research I 
have developed a range of prototype garments and artefacts. This making 
process has necessitated locating and collaborating with a range of experts 
in other fields to bring to life my design proposals. The final aspect of the 
design methodology has been to conduct a range of experiments to gauge 
reactions to the design projects and assess their human impact. These 
experiments can be roughly defined as either quantitative or qualitative. 
The first round of qualitative studies was undertaken during an exhibition 
of the work with members of the general public, while the second study 
was conducted in a controlled laboratory scenario. The quantitative studies 
were undertaken in laboratory conditions and aimed to establish the 
physiological impact of the prototypes on users. 
 
The research undertaken through this Masters has been presented at a peer-
reviewed international conference,2 in a peer-reviewed international 
journal,3 at a public lecture,4 and has formed the basis of four exhibitions.5 
While the prototypes I have developed through the Masters have possible 
applications outside human connection studies these issues fall outside the 
scope of my research. 
 
Overview of the study 
This exegesis is structured into five chapters which consider remote 
presence, flexible consciousness, the architecture of empathy, plasticity in 
sense perception and the development of prototypes. Chapter one 
investigates the notion of remote presence as a powerful generator of ideas 
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for artworks, literary explorations and scientific endeavour. Firstly, the 
chapter introduces the reader to a range of interpretations of presence and 
defines the research domain. Secondly, the chapter looks at the emergent 
role of presence in art practice and communications technology. In this 
section a range of remote presence works, ranging from telerobotic to 
augmented reality projects, are discussed. Whilst the projects manifest 
different levels of complexity their unifying feature is a focus on the use of 
technologies to connect remote individuals or to project a sense of presence 
to remote locations. The section then investigates the role of peripheral 
awareness in facilitating remote connection. Peripheral awareness is key to 
the development of remote connection projects as it involves connection at 
an implicit level, not relying on language-based interaction.  
 
Chapter 2 explores models of consciousness that emphasise the vital role of 
action and interaction within the world. The role of this chapter is to 
suggest a condition where new technologies (including enabled garments 
and artefacts) may be ‘scaffolded’ to provide the user with augmented 
sensory capacities. Such models promote a notion of mind as being a 
flexible and expansive collective, deeply integrated with its environment, 
and capable of seamlessly incorporating new sensory modalities at 
relatively short notice. The chapter focuses on the interconnected concepts 
of embodied cognition, emergent intelligence, technology mediated 
consciousness and the extended mind. Through understanding the flexible 
structure of consciousness the potentialities for remote presence 
capabilities expand dramatically. 
 
Chapter 3 investigates the highly evolved role of the nervous system and 
cognitive structures in facilitating profound human empathy. The chapter 
argues for the existence of a fundamental condition of interconnection and 
empathy that underlies our daily activities. It builds on the foundations laid 
in the previous chapter and suggests a condition of ‘readiness to empathise’ 
inherent in humans that precedes the introduction of linking technologies. 
The aim of this chapter is to investigate how empathetic connection occurs 
between humans and what constitutes its core wiring. With an 
understanding of the basic language of empathy one can then investigate 
potentialities for stimulating empathetic linkage between remote players. 
The primary areas covered by the chapter are the interrelated concepts of 
empathy, mind-reading, intersubjectivity and mirror neurons. 
 
Chapter 4 investigates the notion of plasticity in sense perception. The 
purpose of the chapter is to suggest a level of perceptual plasticity in which 
neuronal pathways within the brain are remapped to adjust to differing 
sensory stimulations. The outcome of such perceptual flexibility, in an era 
of rapid technological change, promotes a way of understanding the world 
that might evolve with the addition of each new technology, offering us 
information previously inaccessible to the human body. The chapter 
investigates the issues of sensory augmentation and sensory substitution. 
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Chapter 5 introduces the projects that have been undertaken as part of this 
research. The prototypes are backgrounded against the research referred to 
above but are not strictly tied to philosophical or theoretical models. 
Rather, they are embedded in the expanded understanding of the human 
being as one player in a highly complex relational field which incorporates 
other individuals, objects and the environment at large. Utilising basic 
electronic circuitry this research has sought to ‘enable’ apparel and 
artefacts to sense and transmit presence between remote people. The 
chapter critiques the Empathy Vest and Ether Beat range of projects that 
have been developed throughout the candidature. The current prototypes 
work primarily with Electrocardiogram (ECG) signals and investigate 
whether sensing the heartbeat of a significant other, felt as vibration 
through one’s clothing or artefacts, may afford a sense of remote presence 
and awareness. Rather than developing explicit language-based media, the 
research seeks to investigate modes of communication that operate at a 
preconscious, peripheral awareness level. 
 
The chapter also critiques existing work in the field of wearable 
electronics. Projects developed in the disciplines of fashion, art, health, 
defence and sport are investigated focusing primarily on those garments 
which sense and transmit biosignals. The section argues for a hybrid 
discipline which learns from advances in scientific fields and utilizes this 
knowledge to generate powerful human connection works. 
 
Literature review 
This thesis draws from a wide range of disciplines including consciousness 
studies, perception, wearable electronics, presence research, neurology, 
philosophy, and robotics. My own expertise is in the fields of 
communications research6 and spatial investigation.7 The purpose of 
undertaking the Masters research has been to explore the common ground 
between these disparate domains and propose design projects that enrich 
the communications experience. As this is a thesis supported by design I 
have engaged with the expertise of others to fill gaps in my practice. 
Within the research I situate empathy as central to successful remote 
communication. To understand empathy in its broadest sense one would 
require knowledge from sociology, art theory, psychology, philosophy, 
psychoanalysis, neurology, physiology etc. The field of consciousness 
studies is similarly large. In order to tackle such a wide range of topics I 
have read broadly and defined a pathway through the more relevant 
literature. Within the confined scope of the thesis comprehensive historical 
accounts of the subjects are not able to be provided. Rather, the preliminary 
chapters provide a cross section through contemporary theory to establish a 
conceptual framework for my design prototypes discussed in chapter five.  
 
The prototypes facilitate modes of connection that operate outside the 
standard verbal and visual means afforded by contemporary technologies. 
They allow people to connect over distance through the medium of 
heartbeat. In this sense heartbeat is offered as a data stream that can be 
transmitted to a remote other’s garment or handheld device. 
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Image 2: Built prototypes discussed in chapter five: Hand Heart (detail), Under Beat and 
Ether Beat 
 
The four primary theoretical areas investigated through the thesis are 
remote presence, flexible consciousness, empathy and the plasticity of 
perception.8 Within each subsection there are several key sources, referred 
to in the diagram below. In the first chapter, focusing on remote presence, 
many academic papers have been cited. Whilst presence is a growing field 
of research there are relatively few critical texts that traverse the concepts 
resident in the chapter. I have consulted several primary texts including 
Ken Goldberg’s Robot in the Garden and Lev Manovich’s Language of 
New Media but more frequently I have referred to academic papers and 
project-focused book chapters. As the field is still in a state of growth this 
chapter cross references a range of sources to help define terminologies and 
establish boundary conditions for the research. 
 
Chapter two focuses on the issue of flexible consciousness. While this is 
potentially a complicated area the chapter takes a cross section through 
contemporary literature. It is acknowledged that as a designer my expertise 
is not in consciousness research thus a wide range of sources have been 
consulted. References include those from contemporary philosophers, 
consciousness researchers, communication theorists, perception experts 
and cyberneticists. Those cited include Francisco Varela, Daniel Dennet, 
Andy Clark, Rodney Brooks, Marshall McLuhan and Gregory Bateson. 
The primary role of the chapter is to establish a model of mind that is 
flexible and which scaffolds environmental tools to assist with complex 
procedures. The core texts which inform this argument are The Embodied 
Mind by Varela et al and Being There by Andy Clark, supported by a range 
of other sources. The chapter then critiques the narrow bandwidth of 
perception through texts such as Consciousness Explained by Daniel 
Dennet and The User Illusion by Tor Norretranders. The final section 
focuses on the notion of perception as a learnt activity through the writings 
of Alva Noë in Action and Perception and again refers to The Embodied 
Mind by Varela et al. Issues of emergent intelligence are evaluated through 
the work of Rodney Brooks, in his own writings and referred to by other 
authors. The final part of the chapter investigates the issue of the extended 
mind through communication theory (Marshall McLuhan), Cybernetics 
(Gregory Bateson) and practical implant scenarios via the research of 
Kevin Warwick in his autobiographical text I, Cyborg.  
 7
 
Chapter three focuses on the concept of empathy. Many of the sources 
cited in this chapter are derived from Between Ourselves – Second-person 
issues in the study of consciousness, edited by Evan Thompson, an active 
philosopher in the field of consciousness studies. This text is central to the 
thesis as it brings together a vital collection of academic papers many of 
which focus on the phenomenological, neurological and interpersonal basis 
for empathy. Natalie Depraz’ article The Husserlian Theory of 
Intersubjectivity as Alterology proposes the four phases of empathy that 
feature prominently throughout the thesis. Evan Thompson’s article 
Empathy and Consciousness is also central to my explorations of empathy. 
Key texts consulted to discuss intersubjectivity, and its relationship to 
empathy, include Beyond Empathy by Dan Zahavi, The Present Moment in 
Psychotherapy and Everyday Life by Daniel Stern, and the writings of 
Vittorio Gallese and Alvin Goldman. This section also investigates the role 
of mirror neurons in facilitating empathy through the writings of Vilayur 
Ramachandran, Giacomo Rizzolatti, Daniel Stern and Vittorio Gallese. The 
final sector of this chapter cites the research of Antonio Damasio and Kay 
Toombs to argue for a physiological basis for emotion. In this section I 
propose that emotion has a strong foundation in physiology, thus bodily 
signals may be transmitted between remote people, in turn engendering 
emotional response. 
 
The final of the four theoretical chapters, which deals with plasticity in 
sense perception, is divided into two sections. The first section deals with 
the notion of sensory augmentation, as it has been reported by the non-
sighted community. The primary sources here are Touching the Rock by 
John Hull,9 An Anthropologist on Mars by Oliver Sacks and The Senses 
Considered as Perceptual Systems by James Gibson. The latter part of the 
chapter deals with the issue of prosthetic perception and sensory 
substitution. Central to this chapter is an investigation of the pioneering 
studies of Paul Bach-y-Rita in the 1960s which are discussed in a wide 
range of texts dealing with perception. Bach-y-Rita’s own writings are a 
focal point supported by texts from Alva Noë and Susan Hurley, Daniel 
Dennet and Kevin Warwick. 
 
 
This introduction has identified the aim, research direction and scope of the 
thesis. It has also defined the research parameters and the literary sources 
referred to throughout the following thesis. The following chapter will 
introduce the concept of remote presence and peripheral awareness, issues 
critical to the development of my design prototypes. 
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Image 3: Sources of informational for each chapter 
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Image references: 
 
Image 1: Built prototypes discussed in chapter five: Ether Beat garments and Hand Heart 
electronic devices. 
 
Image 2: Built prototypes discussed in chapter five: Hand Heart (detail), Under Beat and 
Ether Beat 
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Chapter 1 
Remote Presence 
Making Remote Connection Meaningful 
 
“All distances in space and time are shrinking. Man now reaches overnight, 
by plane, places which formerly took weeks and months of travel...Man puts 
the greatest distances behind him in the shortest time. He puts the greatest 
distances behind him and thus puts everything before himself at the shortest 
range. Yet the frantic abolition of all distances brings no nearness; for 
nearness does not consist in shortness of distance. What is least remote from 
us in point of distance, by virtue of its picture on film or its sound on the 
radio, can remain far from us. What is incalculably far from us in point of 
distance can be near to us. Short distance is not in itself nearness. Nor is 
great distance remoteness. What is nearness if it fails to come about despite 
the reduction of the longest distances to the shortest intervals? What is 
nearness if it is even repelled by the restless abolition of distances? What is 
nearness if, all along with its failure to appear, remoteness also remains 
absent?” 
 
Martin Heidegger, The Thing, Poetry, Language, Thought, 1971, page 163 
 
The notion of human interpersonal experience transcending distance is a 
powerful idea generator for artworks, literary explorations and scientific 
endeavour. The abnegation of physical limitations has inspired explorers, 
adventurers, and voyagers of all kinds since time immemorial. Until the 
last century connecting with people in remote environments was a time 
consuming and laborious process. Messages to be carried beyond the range 
of human voice were either conveyed by foot or horse and necessitated 
long lead times between transmission and reception of information. The 
communicational reach of humans has exponentially grown with the 
introduction of each new technology to the stage where we can now send 
and receive messages in real-time from an expansive range of places.1 
Campanella2 suggests that the advent of the steam train was one of the 
most powerful technologies to alter the spatial limits of the individual and 
allow for a renegotiation of the ‘space-time envelope’. The subsequent 
invention of air travel collapsed the time required to circumnavigate the 
globe from Verne’s fictitiously celebrated 80 days to a fraction of this time. 
Now, contemporary technologies allow us to seamlessly connect with 
remote others from a far broader range of locations than ever before.  
 
This chapter investigates the issue of remote presence through a number of 
lenses. Section 1.1 introduces a number of valid and intersecting 
interpretations of remote presence and establishes a boundary condition in 
which to situate my research. Section 1.2 looks at the emergent role of 
presence in art practice and communications technology and discusses an 
array of remote presence investigations ranging from telerobotics through 
to augmented reality projects. The works manifest different levels of 
complexity and have diverse motivations. Their cohesive feature, however, 
is a universal focus on the use of technologies to transcend physical 
distance. As there are too many deserving projects that could be 
  11
highlighted, this chapter curates a selection that underscore the 
considerable potential existent within the field. Section 1.3 investigates the 
fundamental role of peripheral awareness in facilitating remote connection.  
  
1.1 The concept of presence 
Presence is a key area of interest within art, design, media theory, 
communications research, as well as many other fields.3 In common 
language presence is defined as “the state or fact of being present, as with 
others or in a place”4 though in regards to technologically enabled work it 
essentially means to be present in a remote location.5 The terms presence 
and telepresence are often used interchangeably though it is suggested that 
the core distinction between the concepts is the degree to which the 
experiential outcome is mediated by technology.6 Telepresence has been 
defined as: “the technology-enabled feeling or sensation that a person is in 
a different place or time”7 or as Steuer suggests:  
 
“…‘presence’ refers to the natural perception of an environment, and 
‘telepresence’ refers to the mediated perception of an environment. This 
environment can be either a temporally or spatially distant ‘real’ 
environment (for instance, a distant space viewed through a video camera), 
or an animated but non-existent ‘virtual world’ synthesized by a computer.”8  
 
Such distinctions between mediated and pure experience are hard to 
maintain in the contemporary era of widespread networking and 
technological integration. For the purposes of this investigation Milne’s 
definition provides a helpful research structure:  
 
“Presence refers to the degree to which geographically dispersed agents 
experience a sense of physical and/or psychological proximity through the 
use of particular communication technologies.”9  
 
Whilst there are no strict guidelines regarding the distinctions between 
presence and telepresence there are degrees to which the sense of presence 
facilitated by technology has a physical manifestation capable of action. At 
one end of this scale might be the presence transmitted by a phone 
conversation whilst at the other extreme lies telerobotics. Manovich10 
distinguishes between two types of telepresence, firstly, the experience that 
is afforded through computer generated virtual reality and secondly, the 
experience of a remote location through live video footage. He maintains 
that the critical importance of telepresence is that it affords the individual 
the capacity to physically act at a distance, impacting on real space, not 
merely affecting computer generated environments. Thus, the user steps 
beyond simulation to reality – interacting in a very real way with remote 
spaces, places, and people. Such technologies facilitate a substantial range 
of action from repairing a space station, transmitting a caress, performing 
surgery, or bombing a village, all undertaken from a remote location.11  
 
Farshchian12 proposes that presence is a broad umbrella term that covers 
different aspects of technology mediated interaction. These areas of 
research include, but are not confined to, multimedia applications such as 
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telephones, web cameras, video conferencing and media spaces, which 
transmit unmodified information between remote individuals; virtual 
reality (VR) applications in which users are represented within the 
technology and connect with remote others in the digital space through the 
agency of their avatars; and augmented reality (AR) applications where the 
individual’s actions are transmitted to a remote location and enacted in that 
sphere. The primary distinction between AR and multimedia applications is 
that within AR users transcend physical limitations to act at a distance. For 
the purposes of this research, which seeks to sense and transmit 
physiological information across distance, this final interpretation of 
presence is the most relevant.  
 
1.2 The emergent role of presence in communication technologies  
and art practice 
Presence technologies, as they are marketed in the world of 
telecommunications allow users to access a broad range of information 
about network ‘buddies’ including availability, location, call and 
connection status, current activity and even mood state.13 From a pragmatic 
position this minimizes the amount of time and network capacity lost in 
attempting to communicate with unavailable friends and colleagues.14 Such 
a level of user connectivity renders it difficult to maintain Steuer’s 
distinctions, mentioned above, between the natural world of presence and 
the telepresent experience of technology mediated existence. Rather, it 
suggests a level of computational omnipresence in which distinctions 
between real and mediated experience are increasingly obsolete. Research 
conducted at IBM suggests that in the rapid acceleration towards 
ubiquitous computing our relationship with technology will change 
dramatically.15 As computation becomes increasingly incorporated into 
everyday objects (many cars, washing machines, fridges, and appliances 
are already equipped with microprocessors) space itself will become 
mediated by computation, rather than computation occurring inside 
computers. Mark Weiser, from Xerox Parc, suggests that “The most 
profound technologies are those that disappear. They weave themselves 
into the fabric of everyday life until they are indistinguishable from it.”16 
Hjelm counters this by suggesting that concealing computation is a semi-
political act that seeks to ‘naturalise’ information technology and 
disempower the individual from questioning its omnipresence.17  
 
Irrespective of whether one adopts a utopian or anti-utopian view of the 
pervasiveness of networked computing, it arguably allows us to 
communicate with others in more ways and from more locations than ever 
before. The question might be asked whether this unbridled access to 
communication modalities is allowing us to communicate more effectively. 
In face-to-face communication we utilise a wide range of sensory and 
perceptual capacities to receive and interpret the messages that are being 
sent to us. These messages are gathered from a broad field that 
encompasses the person delivering the message, but also includes non-
verbal message carriers such as aural information, environmental stimulus, 
proxemics, and body language.18 Communication experts suggest that 
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while the explicit content of the message being delivered is important, a 
great deal of the meaning in communication situations comes from 
nonverbal message sources and peripheral awareness.19  
 
There are a variety of remote presence projects that consciously take 
advantage of the manifold nature of communication transmission and 
reception. Such projects aim to enhance or enrich the remote 
communications experience by amplifying certain elements of non-verbal 
awareness. Researchers at the Interactive Institute in Stockholm have 
developed a range of emotional communication devices to connect 
remotely located individuals. One of these projects, the 6th Sense, is a 
peripheral awareness prototype that transmits a sense of presence through 
the medium of light. The prototype senses movement in the home and 
conveys this presence in the remote family member’s home through 
illuminating the corresponding leaf of a light sculpture. The projects do not 
purport to replace telecommunication contact or personal visits but 
question whether a sense of emotional intimacy might be enhanced through 
remote presence technologies.  
 
 
Image 1: (left to right) The 6th Sense light sculpture with each ‘leaf’ representing a 
different family member; The Tree-Lamp another remote connection prototype and 
LumiCard, a remote postcard prototype.  
 
There were several critical outcomes of the 6th Sense user trials, which 
involved three families (6 households) utilising the 6th Sense prototype for 
two weeks. One of these was that in order for the artefact to function 
successfully as an indicator of remote presence the user required an 
understanding of the object’s language. This issue underlies the success of 
many remote presence projects which seek to elicit particular emotional 
reactions. An inherent or learnt knowledge of the semantics of data transfer 
are critical in encouraging affect. Thus, a simple change of state in an 
object will only be registered as significant if both parties understand its 
codification or symbolic language. After trialing the 6th Sense in the family 
homes Tollmar and Persson reported such user responses as “The lamp 
really reminds me of my two sons. It feels as (though) they are here” and 
“The information that I get from the lamp makes me feel that I’m part of 
my daughter's life.”20  
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A further project that uses light to support intimacy at a distance is 
LumiTouch,21 a pair of interactive picture frames. The frames convert 
tactile pressure to light so that when one individual touches their frame the 
remote frame lights up, enhancing the symbolic aspects of the photo frame. 
The frame also incorporates peripheral awareness functionality through 
emitting a soft illumination when the remote other is proximate but not 
directly interacting with the frame. LumiTouch is positioned somewhere 
between the extremes of ambient and direct communication modalities. It 
allows users the abstracted though direct option of sending messages 
through light signals, differing in strength and duration depending on the 
pressure exerted, whilst also facilitating a sense of remote presence when 
in its passive state. Whilst the design solution may seem quite literal the 
integration of active and passive presence functionalities positions the 
LumiTouch as a transitional media, able to fulfil varying communications 
requirements at different times. The 6th Sense and LumiTouch projects are 
most relevant to my research as they investigate modes for transferring a 
less explicit sense of presence between geographically separated 
individuals. 
  
From an industrial standpoint significant research is being undertaken to 
allow humans to operate at a distance and to inhabit space that is 
inaccessible by the immediate body. Telerobotics is an active field of 
research in medical, defence and health fields. Ken Goldberg, co-creator of 
the Telegarden, suggests that “a telerobot is a robot that accepts 
instructions from a distance, generally from a trained human operator.”22 
Telerobotic systems were first developed to handle radioactive materials in 
the 1940s23 but are actively employed to perform a range of contemporary 
tasks from remote surgery, disposing of bombs and landmines, to exploring 
remote planets. A group of Carnegie Mellon University researchers have 
developed a robot to act as a carer for elderly people that wish to live 
independently.24 ‘Flo’ acts as a communication conduit between the elderly 
person and their remote nurse, carer, or family member. The robot is 
enabled with voice recognition capabilities and ‘eyes’ that follow the face 
of the subject through the use of face tracking software. These capabilities, 
combined with Flo’s onboard speakers that transmit real-time audio from 
the remote carer, mimic a two-way conversation. The most relevant part of 
this project is that it embeds the presence of remote family members within 
the robotic form. Thus, the robot becomes an agent of presence, or an 
emotional communication device.  
 
Where Flo has been developed specifically for health-care purposes other 
telerobotics projects, such as the Telegarden, aim to encourage the 
development of on-line communities of action. The Telegarden was a 
telerobotic arm that tended a real garden located in Austria between 1996-
2004. Through logging onto a website individuals were able to plant seeds 
and water the garden by remotely guiding the robotic arm. In its first year 
of operation around 9000 net-gardeners tended the Telegarden25 facilitating 
the formation of an online network of geographically disconnected 
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individuals through the medium of gardening. As Schultz writes:  
 
“For the experienced gardener, the Telegarden offers a search for the soul of 
gardening. Sowing a single, unseen and untouched seed thousands of miles 
away might seem mechanical, but it engenders a Zen-like appreciation for the 
fundamental act of growing. Though drained of sensory cues, planting that 
distant seed still stirs anticipation, protectiveness, and nurturing. The 
unmistakable vibration of the garden pulses and pulls, even through a 
modem.”26  
 
 
 
Image 2: The Telegarden 
This remote gardening project was in operation from 1996 to 2004 in the lobby of the Ars 
Electronica centre in Austria. It was developed by Ken Goldberg, Joseph Santarromana, 
George Bekey, Steven Gentner, Rosemary Morris, Carl Sutter, Jeff Wiegley and Erich 
Berger. 
 
The notion of electronically transmitting the affective qualities of 
gardening to a remotely situated network of users is an enticing precedent 
for my research. Such insights into the role of communal activity in 
assisting remote connection are also valuable in projects aiming to 
encourage remote collaboration. One such investigation, conducted by 
Pedersen27 and other researchers, has culminated in the development of the 
AROMA project.  AROMA, conducted in the late 1990s, developed 
technologies to facilitate a peripheral awareness of remotely located co-
workers. The project aspired to encourage remotely the type of effortless, 
non-conscious perception of others that occurs naturally in the real world. 
Such knowledge might facilitate informal collaborations of the kind that 
occur spontaneously through casual workplace interaction. AROMA 
technologies were designed to operate as stand alone presence media or as 
devices to augment regular communications modalities. The primary goal 
was to develop technologies that would abstractly represent activity 
information from the remote site in a way that would enhance awareness 
but not distract the individual from their core task.   
 
Within such remote presence projects one of the primary factors to 
consider seems to be the balancing up of privacy and access – allowing 
individuals access to information about the presence of remote colleagues 
without sacrificing discretion.28 The role of abstraction within signal 
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processing becomes paramount. The AROMA project was developed in line 
with two primary principles: ‘radical abstraction’, the data was abstracted 
beyond just basic pixilation to a unique representation of activity; and 
‘non-intentionality’, the user was not required to undertake any specific 
action to understand the data.29 The input and output configuration for the 
AROMA project involved the capture of data through visual and auditory 
means; and the abstract mapping of the information onto several output 
objects – the “rotation speed of a merry-go-round, …the current sound 
level in a sea shore soundscape, it is mapped into temperature of a surface 
used as a handrest, and finally, it sets the speed of drifting clouds on a 
display (the grayness of whose clouds is determined by the sound level at 
the transmitting end).”30  
 
Within the context of my research the most critical outcomes of the 
AROMA31 project were the identification of the fine balance between 
information access and privacy; the role of interpretative effort on the part 
of the user to decipher symbolic representations: that too much abstraction 
rendered the information ineffectual and not enough abstraction was read 
as literal data transfer; that this abstraction, when correctly tuned facilitated 
remote awareness without impinging on attention to current tasks; and 
finally the complexity of  mappings: it was found that users could easily 
interpret only two or three simultaneous mappings of information. 
  
Farshchian32 supports the view that presence technologies can be highly 
effective for encouraging less formal collaboration between remotely 
located colleagues. Informal collaboration and interaction, which occurs 
almost unconsciously within the organisational context, creates the social 
framework in which to conduct effective project focused work. Many 
products have been developed to assist formal collaboration, such as video 
conferencing, groupware, and immersive virtual reality. Such technologies 
allow remotely located colleagues to connect at a pre-specified time for a 
given purpose. Informal collaboration, on the other hand, incorporates 
those chance meetings that occur in the hallway or the cafeteria. 
Developing presence technologies for such informal collaboration requires 
an almost continuous peripheral awareness functionality to allow users the 
type of awareness that facilitates unstructured collaboration in the real 
world. Farshchian writes:  
 
“The mere knowledge of others’ presence offers us opportunities for 
communication…This type of presence information is continuously 
available to physically co-located groups, and results in frequent 
informal collaboration among the participants.”33  
 
An important factor that signals availability for informal collaboration is 
eye contact. A recent project lead by Jabarin34 addresses the role of eye 
contact in signaling when co-located parties are available for 
communication. Peripheral eye contact is generally not available for 
remote collaboration rendering it difficult to gauge whether the timing is 
right for a conversation via traditional media channels. The eyePHONE 
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uses an eye tracking device and a pair of actuated eyeballs to indicate to the 
remote party that conversation is sought. The receiver can either ignore the 
apparatus (avoid eye contact) or make eye contact thus signaling a 
willingness to connect. Whilst a peculiar design solution, the project 
highlights the myriad informational channels that operate prior to actual 
engagement in communication. It also brings to light issues of privacy and 
the choice to either engage or not with presence media.  
 
 
Image 3: The eyePHONE trying to make eye contact to establish conversational link; the 
eyePHONE once contact has been made. 
 
1.3 The role of peripheral awareness and implicit understanding in 
facilitating meaningful remote connection 
The abovementioned projects and investigations all rely heavily on the 
notion of peripheral awareness. Pedersen, in relation to the AROMA project 
suggested that peripheral awareness may be thought of as the ‘preattentive 
process’ that precedes conscious vision.35 The notion of conveying 
meaningful presence through peripheral awareness media was also central 
to the 6th Sense and LumiTouch projects discussed earlier. Within these 
and similar projects the proposed technologies are not attempting to replace 
traditional modes of communication but question whether a sense of 
intimacy might be enhanced through a peripheral presence indicator.36 
Tollmar and Persson write:  
 
“…providing some form of continuous-on and asynchronous connectivity 
within a meaningful social and physical context can foster better 
relationships and awareness among distributed family members.”37  
 
It is proposed that the key to developing peripheral awareness devices is to 
connect people without relying on explicit language based media. The aim 
is to encourage the type of implicit understanding, between remotely 
located individuals, as occurs in face-to-face communication. Daniel 
Stern38 suggests that the moment at which a resounding connection occurs 
between individuals is vastly different from the narrated version of events 
that becomes part of our conscious memory. He draws a distinction 
between ‘awareness’ and ‘consciousness’ by suggesting that awareness is 
an experience of implicit understanding whereas consciousness is 
awareness that has been processed for translation into language, a 
procedure through which important emotional information is lost. 
Awareness, in this reading, is comparable to the notion of peripherally 
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conceived presence. It is at this implicit awareness level that my projects 
seek to be registered. 
 
Subliminal perception is key to considerations of peripheral awareness 
media. A sensory stimulus is considered as subliminal when it is too subtle 
or quick to be registered in conscious awareness.39 This indirect 
relationship between sensation and perception may be key to experiences 
of peripheral awareness. In day to day situations we seem to experience a 
fairly direct relationship between sense modality and perception. However, 
there are situations in which no sensory stimulus is detected yet there is a 
discernible perceptual experience. A much cited example of such a 
situation is the phenomenon of blindsight. Discovered in the 1970s 
blindsight40 is the condition whereby individuals have lost the capacity for 
sight, due to damage in the primary visual cortex, yet in certain 
circumstances display intact sight related faculties. Thus when asked to 
reach for an object the individuals will reach in the right direction, and 
when tested with different shaped objects will adjust the hand to the correct 
shape for grasping that object – even though there is no sense of being able 
to see what the object is, or what shape it is.41 Humphrey suggests that this 
perception may be pure perceptual knowledge, which has bypassed sensory 
awareness. The antithetical situation of perception without sensation occurs 
with agnosia – sensation without perception. In the instance of visual 
agnosia (or mind-blindness), the individual can see objects but is unable to 
recognize them. This may affect a wide range of subject areas with 
individuals being rendered unable to recognize faces, or shape, or spatial 
location, or fruit etc. depending on the part of the brain that has been 
damaged.42 Whilst these are extreme cases of the disrupted relationship 
between sensation and perception they suggest possible architectures that 
underlie perception that are not as linear and direct as we might assume. 
This issue is investigated further in the next chapter through the writings of 
Tor Norretranders. 
 
 
This chapter has outlined the concept of remote presence from a variety of 
angles. This cross section is through a broad field of thinking where all at 
least share a common goal of transmitting presence beyond the body’s 
immediate sphere of action. The chapter summarised the role of peripheral 
awareness in the development of remote presence projects. Peripheral 
awareness is central to my research as it suggests a mode of connecting that 
occurs at a non-verbal level, not relying on explicit language-based media. 
It is at this point that the findings of AROMA are most helpful in guiding 
the development of apparatus that facilitate connection through abstract 
data representations. The chapter has highlighted the concept of action at a 
distance, as reinforced by Manovich. Action at a distance via presence 
technologies expands our conscious reach to annex remote spaces and 
places. The next chapter introduces a flexible model of consciousness in 
which presence technologies may be incorporated to allow for increased 
abilities within the real world.  
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Chapter 2  
Flexible Consciousness 
The critical role of the environment in developing consciousness  
 
The previous chapter discussed remote presence and investigated pivotal 
works that aim to connect people or remotely project a sense of presence. 
This chapter investigates models of consciousness that emphasise the vital 
role of action and interaction. These models depict mind as being a flexible 
and expansive collective, capable of integrating new sensory modalities at 
relatively short notice. Further, the depiction of mind that follows is deeply 
integrated with its environment and external scaffolding structures. Such 
structures include new technologies, with each new technology that we 
adopt in some way changing our mode of operation in daily life. Further 
from this, each level of adaptation that we attain facilitates the next level of 
adaptation, thus allowing us to develop unanticipated ways of 
understanding the world and our position within it.  
 
The chapter is broken down into three sections: section 2.1 argues for a 
flexible model of consciousness that favours embodied interaction over 
traditional representational models. Several views of consciousness are 
considered, including the use of scaffolding structures, such as language 
and culture, posited by Andy Clark and Damasio’s model of extended 
consciousness. This section will also address the selectivity of perception, 
discussed through Norretranders’ writing, which alludes to the limited 
scope of consciousness in the face of massive sensory stimulus. This 
section is a focused account of a broad research field, but it is sufficient to 
demonstrate the generative nature of consciousness and the fundamental 
relationship that exists between the individual brain and external support 
structures. Section 2.2 explores emergent intelligence through Rodney 
Brooks’ development of robots and finds parallels with the enactive model 
of cognition as proposed by Francisco Varela, Alva Noë and others. 
Section 2.3 investigates issues of the extended mind and technology 
mediated consciousness through the writings of Marshall McLuhan and 
Gregory Bateson. The section also looks at the issue of hybridity – the 
composite condition that emerges through our interactions with the 
environment, people and technologies. Kevin Warwick serves as a 
compelling case study for a literal technology-human hybridity providing 
augmented natural capacities. 
  
2.1 Some contemporary views on the making of consciousness 
My research is situated within a contemporary movement of thinking that 
suggests an active, embodied model of cognition. The system from which 
this model is distinct is cognitivism – in its many guises. Francisco Varela 
suggests that:  
 
“…cognitivism consists in the hypothesis that…human cognition…is the 
manipulation of symbols after the fashion of digital computers. In other 
words cognition is mental representation: the mind is thought to operate by 
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manipulating symbols that represent features of the world or represent the 
world as being a certain way.”1 
 
In opposition to this structured representational model, contemporary 
theorists suggest a system of cognition that is much more random, 
opportunistic, and expansive.2 Our conscious experience of the world 
appears seamless and integrated yet as Daniel Dennet writes:  
 
“One of the most striking features of consciousness is its discontinuity…The 
discontinuity of consciousness is striking because of the apparent continuity 
of consciousness.”3  
 
In this line of thinking Tor Norretranders writes about the low bandwidth 
of consciousness in his book ‘The User Illusion’.4  He suggests that while 
human sensory channels are enormously powerful apparatus that gather 
millions of bits of information per second, the most that our consciousness 
can process is forty bits per second, though the figure is usually in the 
region of 16 bits per second. Thus, consciousness is a process of rapid and 
unequivocal reduction. Its primary mode of coping with sensory 
information deluge is the process of singularity – we are generally 
conscious of a small number of things in each instant. It might be the feel 
of the keyboard under one’s fingertips, traffic sounds through the window, 
or perhaps music playing in the next room. Whichever stimulus one 
focuses on distracts attention from other inputs. As Norretranders writes:  
 
“Of all the information that every second flows into our brains from our 
sensory organs, only a fraction arrives in our consciousness: the ratio of the 
capacity of perception to the capacity of apperception is at best a million to 
one. That is to say, only one millionth of what you see, our ears hear, and our 
other senses inform us about appears in consciousness.”5 
 
The following table outlines the surprising discrepancy between 
information that is sensed and that which is actively perceived in 
consciousness. 
 
SENSORY SYSTEM TOTAL BANDWIDTH (Bits/Second) 
CONSCIOUS 
BANDWIDTH  
(Bits/Second) 
Eyes 10,000,000 40 
Ears 100,000 30 
Skin 1,000,000 5 
Taste 1,000 1 
Smell 100,000 1 
Figure 1: Information flow to the sensory systems and conscious perception.  
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Whilst this hypothesis is difficult to come to terms with, the implications 
for non-conscious understanding are enticing. Whilst we may not be 
conscious of the rest of the data flowing into our sensory channels it is 
certainly being registered at some level, if only to be discarded.6 The 
figures Norretranders suggests for the rates of sensory input are 
significantly large: over eleven million bits of information per second 
saturate our sensory mechanisms. The primary tool through which we 
make use of the plenitude of information being sensed is ‘chunking’ or 
schematisation. That is, using previous knowledge to order the information 
so that it can be dealt with in blocks. The most powerful example of this is 
language and the joining of letters to make words. Thus each word 
becomes a unit of information that can be incorporated into the next scale 
of unit – the sentence.  
 
There are many different takes on this idea of the existence of multiple 
levels of consciousness. Damasio7 posits the existence of two types of 
consciousness: core consciousness, which allows for a glimpse of what 
occurred in the immediate past and is deeply fixed in the present; and 
extended consciousness which allows for a rich sense of historical 
perspective and is pivotal in the individual’s construction of identity and 
sense of self. Core consciousness is positioned as a biological phenomenon 
that is shared with other mammals whereas extended consciousness 
evolves across the lifetime of the organism, depends on memory and at its 
peak in humans is enhanced by language. While the two types of 
consciousness are distinct it is proposed that they are not separate but 
rather, extended consciousness is founded on core consciousness. As such, 
when there are issues with core consciousness – such as damage of some 
kind – extended consciousness is also damaged. In the development of 
extended consciousness, as Damasio defines it, the active role of support 
structures, such as language, is emphasised. In this sense the model has 
much in common with the concept of emergent mind. That is, 
consciousness emerges through the interaction between the individual, their 
environment and other factors.  
 
Andy Clark and other aligned theorists propose that language is one of a 
variety of scaffolding structures which humans employ to operate in the 
world without a detailed inner representation system.8 He writes that 
language, in particular, has emerged to allow us to maximise the potential 
of our disjointed minds. Whilst scaffolding structures include language and 
culture, they also comprise such basic technical elements as note pads, 
computers, PDAs, iPods, portable MP3 players and Memory Sticks. This 
outsourcing of memory provides support for the notion of the extended 
mind - a mind which extends beyond the demarcation of the skull. External 
scaffolding is not a singular event but a cumulative process, each level of 
scaffolding allowing for more complex levels of scaffolding to occur. 
Technical knowledge is a good example of this – the understanding of 
basic programming allows us to develop a system that will in turn, allow us 
to develop more complex systems. This concept of external scaffolding 
incorporates a vast array of possible tools and technologies which allow 
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individuals to reference a vast array of information external to the discrete 
brain. Clark writes:  
 
“The idea, in short, is that advanced cognition depends crucially on our 
abilities to dissipate reasoning: to diffuse achieved knowledge and practical 
wisdom through complex social structures, and to reduce the loads on 
individual brains by locating those brains in complex webs of linguistic, 
social, political, and institutional constraints…We use intelligence to 
structure our environment so that we can succeed with less intelligence…it is 
the human brain plus these chunks of external scaffolding that finally 
constitutes the smart, rational inference engine we call mind. Looked at this 
way, we are smart after all - but our boundaries extend further out into the 
world than we might have initially supposed.”9 
 
Clark’s writings stress the importance of complex external structures such 
as language in the development of cognition. However, the structure of 
language is not only critical for advancing intelligence but moreover 
fundamental for developing the most basic capacity for thought. Oliver 
Sacks, in his book ‘Seeing Voices’,10 relays the experience of working with 
people deprived of any language in their formative years. In these 
situations prelingually deaf children, unable to hear their parents or any 
incidental language in early childhood, particularly risk being severely 
retarded in their intellectual development. Without the structures of 
language, thinking itself can become stunted. Devoid of language, it is 
impossible to grasp abstract concepts11 such as temporal tenses: before, 
afterwards, during, but also broad theoretical categories into which 
individual objects fit.12  
 
 
Image 2: Strobe Photographs of ASL signs “join” and “inform”. Reproduced from Oliver 
Sacks’ Seeing Voices - a Journey into the World of the Deaf, 1989. 
 
Clark suggests that language has a twofold function: firstly, as a medium 
allowing us to share ideas and thoughts (the communicational mode) and 
secondly, as a tool that alters the way we undertake problem solving.  That 
is, just as practical tools - such as scissors or hammers - temporarily 
augment our capacities in the physical world, language allows us to 
reshape tasks to fit better the capacities of the brain.13 Language also 
facilitates collective thinking and allows individuals to join efforts in 
problem solving. Language, especially in written form, allows for the 
products of collective thinking to be transmitted from generation to 
generation. It is arguably this ability to collectivise cognitive activity and 
communicate it beyond the individual’s lifetime that is a primary factor in 
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differentiating humans from other species. Dennett suggests that the grey 
matter of the brain is not so different to that of other animals but that higher 
human consciousness is attained through the interaction of the brain’s 
plastic functions and the powerful engines of language and culture.14 The 
snowballing of consciousness that emerges through these interactions is 
explained by Andy Clark:  
 
“…the external scaffoldings of cognition themselves adapt so as to better 
prosper in the niche provided by human brains. The complementarity 
between the biological brain and its artifactual props and supports is thus 
enforced by coevolutionary forces uniting user and artefact in a virtuous 
circle of mutual modulation.”15  
 
2.2 Emergent Intelligence in Robots and the Enactive Approach 
A great deal of contemporary thinking in the field of consciousness has 
been generated through researchers presenting hypotheses that contradict 
the long dominant computational models of cognition. Through pursuing 
the growth of intelligence in robots artificial intelligence (AI) researchers 
have proposed new ways of thinking about consciousness. The approach of 
Rodney Brooks and the MIT Mobile Robot Lab from the 1980s onwards 
has been to propose a model for developing robot intelligence that is 
bottom up rather than top down16. That is, in attempting to develop higher 
order intelligence, Brooks’ approach is to develop robots that are based on 
a model of subsumption architecture – a paradigm antithetical to the 
classical representational view. That is, robots are enabled with a series of 
smaller, interrelating behaviours, all of which interact to create emergent 
dynamic action. More recent robots are also furnished with the ability to 
learn the value of different actions in different situations, a simplified type 
of neural-network learning. The robots from the outset work within real-
life unpredictable environmental situations in which they must respond to 
the demands of their surrounds. Brooks argues that mobility, acute vision 
and the capacity to carry out the tasks necessary for survival in a dynamic 
environment are the basis for the development of true intelligence.17 The 
conception being that equipped with the aforementioned assets intelligence 
emerges through the individual’s embodied interaction with an 
unpredictable world. 
 
 
Image 3: Kismet the sociable robot, developed by Rodney Brooks, late 90s - present. 
Kismet is able to recognise human faces and ascertain what people are looking at through 
estimating the direction of their gaze. Kismet is able to detect subtle emotional signals in 
the voices of people he/she is interacting with. This information alters the moods of the 
robot, pictured are anger, surprise, happy, and asleep. 
 
Brooks proposes four key ideas in the creation of intelligent systems.18 
Firstly, situatedness: research should be conducted in real world conditions 
where the robot needs to interact with and respond to changing 
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surroundings. Secondly, embodiment: the robot has a body through which 
to experience the world and this body provides feedback which influences 
the robot’s subsequent behaviour. Thirdly, intelligence: this grows out of 
the conjunction of situatedness and embodiment and is located not simply 
within the machine but also transpires from the robot’s interaction with the 
world; Finally, emergence: higher order behaviours result from the 
interactions of simple functions and the relationship of the robot to its 
environment. This approach differs greatly from the long dominant 
representational view of AI in several primary ways. Early work in AI was 
largely founded on a representational conception of cognition in which it 
was believed that humans (and robots) required a fully resolved 3D world 
model (in their brain) in order to undertake tasks in the world. Thus, to a 
large extent research involved the creation of simplified spaces which 
allowed the robot ease of interaction. Such an approach assumes a static 
environment, greatly different from the experience of the real world. On 
the contrary, Brooks’ approach presupposes embodiment in the world and 
focuses on interaction with complex environments as a way to develop 
intelligence. Hence:  
 
“Real biological systems are not rational agents that take inputs, compute 
logically, and produce outputs. They are a mess of many mechanisms 
working in various ways, out of which emerges the behaviour that we observe 
and rationalise.”19 
 
The identification of action as a pivotal player in the making of 
consciousness is central to the enactive approach proposed by Varela, 
Thompson and Rosch in the early 90s and further examined by Alva Noë in 
recent publications.20 In Varela, Thompson and Rosch’s influential book, 
The Embodied Mind, the enactivists locate themselves as embracing but 
transcending the fields of cognitivism and emergence, and operating at the 
nexus of linguistics, neuroscience, cognitive psychology and philosophy 
(see figure 4). Whilst supportive of the trend towards “re-biologisation” of 
the brain that has been underway since late 1980s they suggest that a new 
conception of consciousness must stress a greater level of embodiment.21 
The definition of embodied action has been put forth as such:  
 
“By using the term embodied we mean to highlight two points: first, that 
cognition depends on the kinds of experience that come from having a body 
with various sensorimotor capacities, and second, that these individual 
sensorimotor capacities are themselves embedded in a more encompassing 
biological, psychological, and cultural context. By using the term action we 
mean to emphasise once again that sensory and motor processes, perception 
and action, are fundamentally inseparable in lived cognition…(Thus) the 
enactive approach consists of two points: (1) perception consists in 
perceptually guided action and (2) cognitive structures emerge from the 
recurrent sensorimotor patterns that enable action to be perceptually 
guided.”22 
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Figure 4: A conceptual chart of the cognitive sciences that locates the enactive approach 
as encompassing elements of Philosophy, Cognitive Psychology, Neuroscience, Artificial 
Intelligence and Linguistics.  
 
Varela et al identifies the primary weakness of cognitivism as its 
dependence on controlled environments in which the organism requires a 
fully resolved model of all connections, prior to navigating. He suggests 
that this may be possible for the control of robots within a simplified 
laboratory environment but not so useful for applications in the real world. 
The myriad of minutia, rather than being a distraction from meaningful 
cognition, are in essence the substance of consciousness. Thus, the 
enactivists situate the context dependant know-how that allows us to 
operate in an unpredictable world as central to creative cognition. This 
recognition of lived experience and common sense as critical to the 
development of consciousness suggests a relationship between mind and 
world that is mutually co-dependant. The enactive approach shares 
common ground with principles discussed earlier in relation to Clark’s 
view of consciousness that emerges through the interaction of body and 
environment, and Brooks’ assertions regarding the necessity of 
embodiment to facilitate even the most primal intelligence.  
 
Alva Noë takes the enactivist model one step further by suggesting that 
perception is not a brain process but rather a skilful activity, learnt and 
undertaken by the individual.23 The primary tenet is that mere stimulation 
does not lead to meaningful perception. Rather, for perceptual sensation to 
constitute conscious experience, the individual must possess and make use 
of sensorimotor knowledge. This theory is reinforced by the findings of 
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Bach-y-Rita24 in his sensory substitution studies which suggest that 
individuals can only learn to use a new sense if they have control of the 
apparatus for sensing (e.g. video camera) and can use their body in space to 
understand relationships between themselves and other objects.25 Noë 
proposes a distinction between sensation (a subconscious activity) and 
perception (an active pursuit) that is supported by the research of many 
others. He cites the experiments of Held and Hein, conducted in 1963, 
which established a relationship between self-directed action and accurate 
perceptual capabilities.26 The experiment entailed two kittens being 
harnessed to a carousel, one on the ground and the other suspended in a 
basket. As the kitten on the ground walked it pulled the suspended kitten 
with it so that both walked in a circle. After a period of time it was found 
that whilst the suspended kitten had been exposed to the same visual 
stimuli as the walking kitten it failed to develop accurate depth perception 
and paw-eye coordination. Thus, Noë situates vision as a touch-like 
modality, in that we skilfully use our embodied sense organs to probe the 
environment for sufficient information to understand a situation. As we 
have discussed previously, human sensory perception is at best patchy and 
the illusion of smoothness that we get is a result of this multi-probing for 
information which is then padded out with complex schematic structures 
within the brain.  
 
These investigations all privilege embodied interaction in the world as the 
precondition for consciousness. In the scheme of my research this is central 
as it suggests the active role of others and the environment in creating 
conscious experience. 
 
2.3 The extended mind and technology mediated consciousness  
The notion of a body/environment composite, or of a consciousness that 
extends beyond the limitations of body and brain, has been asserted from 
many fields and from many angles. This section will look at conceptual 
models that examine the concept of extension from a variety of vantage 
points. The goal is to develop an understanding of perceptual extension 
beyond the demarcations of the body that will provide suitable terrain for 
the investigation of awareness expanding technologies. I shall investigate 
Marshall McLuhan’s thoughts on extension and the environment-human 
complex systems of Gregory Bateson. Kevin Warwick serves as a 
compelling case study for a literal hybridity which allows for enhanced 
abilities in the real world.  
 
Marshall McLuhan’s seminal text ‘Media – The Extensions of Man’, deals 
with the extension of human powers through the agency of technology. The 
book was first published in 1964 – on the brink of the electronic revolution 
and largely focuses on early electric technology – television, radio and 
early computation, though its sentiments are equally applicable to 
contemporary communications technologies. McLuhan projects his 
understanding of the extending power of technology to the final frontier, 
simulation of consciousness.   
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“Rapidly, we approach the final phase of the extensions of man – the 
technological simulation of consciousness, when the creative process of 
knowing will be collectively and corporately extended to the whole of human 
society, much as we have already extended our senses and our nerves by the 
various media.”27  
 
He discusses the emergent coexistence of action and reaction in the electric 
era, a concept that applies even more powerfully in the contemporary age 
of ubiquitous computing. Paul Virilio suggests that with the instantaneous 
nature of contemporary communication there is no longer any need, nor 
time, to encode information and experience into longer term memory.  He 
quotes the physicist Ernst Mach as saying “the boundaries between things 
are disappearing, the subject and the world are no longer separate, time 
seems to stand still”.28 McLuhan draws from the Greek myth of Narcissus 
to illustrate a situation of sensory extension gone wrong. Thus, when 
Narcissus fell in love with his own reflection in the water, and was unable 
to be roused by the nymph Echo, he had adapted to his extension and 
become a literally closed system.29  
 
Antithetically Gregory Bateson suggests a model of the mind as an 
evolving open system in which the individual plays an integral yet 
contextualised role. Within the lecture ‘Form, Substance and Difference’30 
Bateson explicates his theory of mind as an extended system. Part of the 
premise for his theory contradicts Darwin’s partly obsolete evolutionary 
ideas that propose the unit of survival as breeding organism, or family line, 
or society. Bateson advocates the actual unit of survival as being the 
flexible organism/flexible environment composite. This hypothesis is 
founded on studies of organisms that, if their environment is destroyed, 
also perish. Bateson suggests that to understand any action one must 
always deal with completed circuits of information. Thus, within the blind 
experience the unit of experience becomes the person and complement of 
sense organs – these include the tapping stick, hearing, touch, taste etc. in 
the absence of vision.31 The units to consider, within any system that we 
are trying to understand, change according to the action that is being 
observed. The cybernetics view supports a broader concept of mind which 
comprises the individual mind and relevant environmental information. 
Thus,  
 
“The individual mind is immanent but not only in the body. It is immanent 
also in the pathways and messages outside the body; and there is a larger 
mind of which the individual mind is only a subsystem.”32 
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Image 5: (left to right) Kevin Warwick with his first implant. The scale of the second 
implant, prior to being inserted into the median nerve. 
 
The work of Kevin Warwick has emerged from a cybernetics model. 
Through his projects he actively seeks to extend his reach of human 
influence through embedding a variety of electronic implants in his body. 
In the opening paragraph of his book I, Cyborg he writes:  
 
“I was born human. This was merely due to the hand of fate acting at a 
particular place and time. But while fate made me human, it also gave me the 
power to do something about it. The ability to change myself, to upgrade my 
human form with the aid of technology. To link my body directly with silicon. 
To become a cyborg – part human, part machine.”33  
 
Warwick is scathing of what he perceives as the limitations of human 
capabilities and fervent in his desire to transcend them. In his article 
Cyborg Morals, Cyborg Values, Cyborg Ethics Warwick writes “In 
comparison with the capabilities of machines, human communication is so 
poor as to be embarrassing.”34 The grounds for such assertions are 
primarily that compared to computer capabilities to send and receive 
millions of messages, around the world, with little error, the analogue 
system of language is deeply inferior. Whilst such a view is contentious, 
especially in the face of research cited earlier in this chapter that positions 
language as vital to the development of even basic intelligence, it has 
motivated Warwick to undertake some quite interesting research. His first 
investigation, undertaken in 1998, involved the implant of a silicon chip 
transponder in his upper arm.35 This insert granted Warwick the ability to 
control certain things in his local environment through connecting his body 
to the computer network in his university. In practical terms doors would 
identify him and automatically open, his computer would switch on and 
greet him, and his whereabouts at all times was tracked on a real-time map. 
While the research at this juncture was quite functional in nature it was the 
precursor for later projects which aimed to connect his nervous system 
directly to a computer. Interestingly, after living with the first implant for a 
period of time Warwick reported feeling a sense of emotional loss when it 
was removed.36  
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Image 6: (left to right) Kevin Warwick having the array implanted into his median nerve; 
Warwick and his wife after surgery – Wawick’s arm with the interface bracelet; Mrs. 
Warwick having her chip implanted. 
 
Warwick’s second project, commencing in 1998, involved the surgical 
implant of an electronic array into the median nerve of his left arm. The 
raw signals detected by this implant were fed into a processing bracelet 
device where they were converted from analogue to digital and transmitted 
via a radio transmitter/receiver to a nearby computer. This allowed for the 
neural signals being sent by the median nerve to the brain, and those 
travelling in the opposite direction, to be intercepted and recorded. 
Through the implant Warwick sought to carry out six primary experiments: 
to experience ultrasonic extra-sensory input; to control a robot through his 
nervous system; to excite the nerves remotely over an internet link; to 
interact with computer networks; to remotely control a robotic hand; and to 
register one’s nervous impulses in interactive jewellery.37  
 
Through the implant Warwick controlled robotic prosthetic devices, 
remotely manipulated computer and keyboard inputs and navigated without 
body movements an electric wheelchair. Such outcomes have highly 
applicable medical relevance yet the most striking emotional possibilities 
of the technology were disclosed in the second phase of the study. During 
this time Mrs Warwick had electrodes implanted into the median nerve of 
her arm. This configuration allowed her to feel the pulses of her husband’s 
hand movements through her nerves – a simple form of nervous system to 
nervous system communication. The experiment was repeated in a reverse 
direction with Warwick sensing the movements of Irena through the nerves 
in his arm. Whilst the two individuals were in the same room during the 
execution of the project, the signals were being transmitted via an internet 
link. Thus, the exercise may conceivably be undertaken in a more remote 
scenario. Warwick is focused on a goal of extending his capabilities 
beyond the immediate physical context through the agency of technology.  
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There have been many criticisms levelled at Warwick’s research, many of 
these revolving around the literal approach that he has taken to becoming a 
cyborg – through surgical implants. Other critics suggest that Warwick has 
profoundly misunderstood the fictional nature of the cyborg concept and 
rather has interpreted it in purely technical terms.38 Beyond this criticism 
emerge concerns with the broader trend towards a technophilic 
transhumanism that denies the embodied nature of our experience in the 
world.39 However, Warwick’s projects are relevant to my research for four 
primary reasons: firstly, they deal with the expansion of physical presence 
through the use of electronic means; secondly, they are made possible by 
the condition of sensory plasticity (discussed in greater detail in chapter 
four); thirdly, they suggest that the incorporation of new technologies into 
our bodies may encourage the development of a new type of 
consciousness; and finally, they are partly motivated by the desire to 
investigate remote empathetic connection through nervous system to 
nervous system communication.  
 
 
This chapter has developed a model of consciousness that is plastic and 
variable. The views of consciousness presented distinguished themselves 
from the long dominant model of cognitivism, a representational ideology 
that asserts the requirement of a world model to interact in the 
environment. The writing of Norretranders has exposed the highly 
reductive nature of consciousness whilst Clark posits the critical role that 
scaffolding structures play in negotiating the world. Section 3.2 introduced 
the idea of emergent intelligence as explored through the robotic studies of 
Rodney Brooks at the MIT Mobile Robot Lab. The importance of the 
environment in the development of consciousness raised in relation to 
Brooks’ work was further reinforced through the Enactivist approach. Such 
models of consciousness that privilege the role of environment are natural 
precursors to the study of the extended mind. Extension was dealt with 
through the conceptual writings of Marshall McLuhan and the notion of 
cybernetic systems of information critiqued through Gregory Bateson’s 
work. The work of Kevin Warwick has functioned as a compelling case 
study for a hybridism which facilitates extended capacities in the real 
world.  
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Image + figure references 
Figure 1: Figure reproduced from Tor Norretranders’ The User Illusion - cutting 
consciousness down to size, New York: Viking, 1998. This figure was originally 
published in Manfred Zimmermann’s Human Physiology, 1989.  
 
Image 2: Strobe Photographs of ASL signs “join” and “inform”. From Sacks, Oliver, 
Seeing Voices: a Journey into the world of the deaf, New York: Harper Collins, 1989.  
 
Image 3: Rodney Brooks’ robot Kismet.  
The four moods of Kismet reproduced from Brooks, Rodney, Humanoid Robots, 
Communications of the ACM, March 2002, Vol. 45, No. 3 
 
Figure 4: Reproduced from Varela, Thompson and Rosch, The Embodied Mind, Page 7. 
 
Image 5: Images of Kevin Warwick’s 1998 implant operations. Copyright held by Icube 
solutions. 
 
Image 6: Images of Kevin Warwick’s 1998-2002 implant operations. Copyright held by 
Icube solutions. 
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Chapter 3  
The Cognitive Architecture of Empathy 
The how and why of empathetic connection 
 
Chapter 2 established a model of consciousness that was flexible and 
largely reliant on environmental relationships. The chapter discussed the 
work of Kevin Warwick and his ambitions to remotely connect with his 
wife through nervous system to nervous system communication. This 
chapter investigates the natural equivalent of such a project - the highly 
evolved role of the nervous system and cognitive structures in facilitating 
profound human empathy. In this chapter I argue for a fundamental 
condition of interconnection and empathy that underlies our daily 
activities. It seeks to explore the concept of empathy with particular 
emphasis on the cognitive architecture that facilitates its occurrence. The 
pervasive nature of empathy creates a strong foundation for presence works 
and suggests a condition of ‘readiness to empathise’ that precedes the 
introduction of linking technologies. 
  
Empathy is central to the development of social allegiances, intimate 
associations and functional working relationships. It is a highly complex 
area of research that can be approached from a variety of disciplines 
including neuroscience, philosophy, art theory, psychology, psychoanalysis 
etc. Each approach has its own plethora of informational sources that 
suggest the perceived foundations for empathy, why and how it exists, and 
its function in relation to that branch of learning. Whilst drawing from 
many of these areas this exploration will focus on the writings of a range of 
contemporary thinkers who are integrating learning from neuroscience, 
philosophy and psychology to develop new theories of mind largely 
predicated on empathy. Leading from the last chapter, which argued for a 
plastic model of consciousness, this chapter will further pursue the issue of 
mind as an entity constructed through our interaction with the world and 
other people. Within this context empathy plays a fundamental role in 
constructing our experience of consciousness as it facilitates connection 
with other people and the world at large. 
  
My aim in this chapter is to investigate how empathetic connection 
happens between humans and what structures facilitate its occurrence. 
With an understanding of the basic language of empathy one can then 
investigate potentialities for stimulating empathetic linkage between 
remote players. Section 3.1 examines contemporary thinking regarding 
empathy and mind-reading. It uses as a guide Depraz’ four stages of 
empathy and also refers to the writings of Thompson, Stern, de Quincey, 
Zahavi and others. Section 3.2 investigates the interrelated topics of 
intersubjectivity and mirror neurons through the writings of 
Ramachandran, Gallese, Iacoboni and others. Section 3.3 looks at the idea 
of emotions as being embodied within physical states, primarily through 
the research of Damasio and Toombs. In such a model, a red face and 
pounding heart are anger, rather than an external expression of an internal 
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emotional state. Such thinking sets up an enticing precondition for the 
transmission of body states that correspond to emotional experiences.  
 
3.1 Feeling the World: the role of empathy in building consciousness 
Empathy is defined as “mental entering into the feeling or spirit of a 
person or thing; appreciative perception or understanding”1 It is a core 
experience in making sense of the world and allows us to connect with 
strangers, form allegiances, and predict the behaviors of others. Theodore 
Lipps first proposed the concept of empathy (Eunfühlung) in the early 
twentieth century. For Lipps the term referred to the relationship between 
the artwork and its observer who imaginatively projects him/herself into 
the space of the work.2 This section will investigate the idea of empathy 
through the four stages proposed by Natalie Depraz and supported by other 
contemporary theorists.3 The aims of the section are twofold: to sketch out 
the multiple experiences inherent in empathetic interaction and thus to 
target the type of empathy sought through the development of design 
prototypes.  
 
Natalie Depraz4 proposes that there are four stages of empathy: firstly, the 
passive association of my lived body with the lived body of another; 
secondly, the imaginative transposal of myself to the place of another5; 
thirdly, the interpretation or understanding of myself as another for you; 
and finally, ethical responsibility for another. The first stage, highly 
relevant to this project, is passive and primal, referring to the 
intersubjective recognition of another person as being like us – an 
embodied subject of experience open to empathy. This first stage has been 
termed ‘coupling’ or ‘pairing’ and serves as a support for other types of 
empathy.6 Depraz writes:  
 
“Coupling is an associative process through which my lived-body and your 
lived-body experience a similar functioning of our tactile, auditory, visual, 
proprioceptive body-style, of our embodied behaviour in the world and of our 
affective and active kinaesthetic habits and acts. Coupling is a holistic 
experience of lived bodily resemblance.”7  
 
During this stage neural structures play an active role in our body 
connecting with other bodies – without our conscious awareness. Such 
information allows the embodied individual to participate, quite 
unconsciously, in profound empathetic experiences.  
 
Daniel Stern8 suggests that these non-conscious moments of connection are 
critical for understanding the broader landscape of human to human 
relationships. Through his observations of mother-infant interaction Stern 
has identified a type of compressed experience comprising dense emotional 
connection which occurs within a few seconds. This experience is far too 
compacted to enter conscious thought9 but rather remains ‘implicit 
knowledge’ which Stern defines as “non-symbolic, nonverbal, procedural, 
and unconscious in the sense of not being reflectively conscious.”10 This he 
suggests is distinct from explicit knowledge which he identifies as 
“symbolic, verbalisable, declarative, capable of being narrated, and 
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reflectively conscious.”11 Stern defines these moments of intense 
empathetic connection as ‘present moments’ and has investigated modes 
for ‘capturing’ them using filmic techniques and in-depth interviews. 
Through unpacking the content from a moment of compressed intimacy 
and empathy much can be extrapolated regarding the broader emotional 
field in which the interactions are occurring. Within the realm of 
psychoanalysis it is these ‘present moments’ in which interactions occur, 
that are most important to capture. The transition of such moments into 
conscious, or explicit awareness, necessitates their reduction for translation 
into language, a process through which emotional content is lost.  
 
Within Depraz’ second stage of empathy, imaginative transposal of oneself 
to the place of another, we imagine that we are in the place of the other 
person, experiencing their emotions.12 This stage suggests a shift from a 
non-conscious bodily recognition to a conscious experience in which we 
imagine ourselves in the others’ situation. It is during this second stage that 
the individual attributes mental and emotional states to the other person and 
tries to understand their behaviour in light of this knowledge, a technique 
that has been referred to as ‘mind-reading’.13 This act of consciously 
imagining oneself in the emotional situation of another highlights the 
distinction between empathising and sympathising. Sympathy is defined as 
“community of or agreement in feeling, as between persons or on the part 
of one person with respect to another.”14 Nichols15 suggests that the 
primary difference between empathy and sympathy is the extent to which 
one enters into the emotional state of the other. That is, one can sympathise 
with the situation of another without experiencing anything like a similar 
emotion. Sober and Wilson16 clarify that this distinction is especially clear 
in situations where one feels sympathy for a person who is not 
experiencing any abject emotion. For instance, one can feel sympathy for a 
person who is being betrayed but is innocent of the fact. Thus, “you can 
sympathise with someone just by being moved by their objective situation; 
you need not consider their subjective state.”17 They suggest the primary 
difference between empathising and sympathising is that one can 
sympathise without mind-reading, a concept that bears reference at this 
time. Whilst mind-reading may sound like a highly abstract phenomenon it 
is conversely an intrinsic part of our daily interactions. Thompson defines 
mind-reading as “our capacity to attribute mental states to ourselves and 
others, and to understand our behaviour and actions in light of those 
attributions.”18 Or, as Gallese and Goldman suggest: “Mind-reading is the 
activity of representing specific mental states of others, for example their 
perceptions, goals, beliefs, expectations, and the like.”19  
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Image 1: Mind-reading by EEG. A 1960s Berkeley "mind-reading" experiment; “Bridges” 
Illustration by Nick Kallincos. 
 
There are two primary models of mind-reading that are widely discussed in 
regard to empathy: the Theory-theory and the Simulation-theory.20 The 
Theory-theory is based on the premise that all humans possess a common 
sense ‘theory of mind’ that they apply to the actions of others and which 
allows them to understand the intentions behind those actions. This is 
similar to the representational view of cognition in that it presupposes a 
model of the world that exists in the mind – waiting to be applied. 
Conversely, the Simulation-theory suggests that we are able to mind-read 
and thus empathise with others through our ability to ‘simulate’ the other 
person. That is, we utilize our mental faculties to build a mental model of 
the other person’s situation and use this to project ourselves imaginatively 
into their situation.21 Gallese and Goldman write:  
 
“The core difference between the Theory-theory and the Simulation-theory, 
in our view, is that the Theory- theory depicts mind-reading as a thoroughly 
“detached” theoretical activity, whereas the Simulation-theory depicts mind-
reading as incorporating an attempt to replicate, mimic, or impersonate the 
mental life of the target agent.”22 
 
Whilst mind-reading is considered a fundamental part of empathising, 
empathy is conceived as a much broader experience that is dependant on 
our intersubjective openness to the world prior to any encounter that would 
require simulation. This concept was inherent in the first stage of empathy, 
the passive association of my lived body with the lived body of the other, 
reviewed earlier. Gallese and Goldman suggest that the discovery of mirror 
neurons, discussed in the next section, has greatly boosted the evidence for 
the Simulation-theory of mind-reading and is possibly the mechanism 
through which such simulation takes place.  
 
The third type of empathy: the interpretation or understanding of myself as 
an other for you, allows for the swapping of viewpoints. That is, within this 
stage one does not just imagine oneself in the position of the other but the 
exchange becomes bi-directional. Thus, I see myself from your perspective 
whilst you experience me empathetically from my perspective. This notion 
of ‘swapping places’ has found concrete realization in a plethora of 
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children’s books and films such as Freaky Friday23 and Vice Versa24 which 
involve the main characters swapping places for a period of time and 
invariably developing a deeper understanding of the other’s life challenges. 
There are several important issues about this stage of empathy. Firstly, it 
allows for verbal interaction regarding the experiences that are taking place 
and thus involves structures of communication and interpretation; and 
secondly, it facilitates the engagement of the individual in an 
intersubjective experience through which they transcend their own first-
person viewpoint.25 So, through empathy one is able to perceive oneself 
from an external position, from the viewpoint of another. This imaginative 
bi-directional transposal intimates possibilities for an empathetic switch of 
viewpoints in time and space, an exciting substrate for remote presence 
projects. As Thompson writes:  
 
“This imaginative self-transposal …enables us to gain a new spatial 
perspective on the world, that of the Other. At the same time, we continue to 
have (and must always have) our own center of spatial orientation. Thus the 
open intersubjectivity of consciousness and its concrete articulation in 
empathy make it possible for us to comprehend an intersubjective field in 
which there is no one single zero-point or bodily center of orientation. To put 
it another way, the intersubjective openness of consciousness and empathy 
are the preconditions for our experience of inhabiting a common, 
intersubjective, spatial world. Empathy… provides a viewpoint in which 
one’s center of orientation becomes one among others. Clearly the space 
correlated to such a viewpoint cannot be one’s own egocentric space, for that 
space is defined by one’s own zero-point, whereas the new spatial perspective 
contains one’s zero-point as simply one spatial point among others.”26 
 
The final type of empathy deals with the ethics that arise through the 
experience of empathetically connecting with another.27 It is during this 
stage that the individual recognizes the other as deserving respect and 
concern.  
 
These four stages of empathy are not separate but rather are interconnected 
through intersubjective encounters with others. Each phase of empathy is 
critical for the development of meaningful connection yet the first and 
second are particularly relevant to the development of peripheral awareness 
media, as discussed in chapter one. The imaginative transposal to the place 
of another, the second phase posited by Depraz, suggests the emotional 
architecture underlying projects such as the 6th Sense. As will be 
investigated in greater detail in chapter 5, my research aims to generate 
empathetic connection through tactile awareness, seeking an imaginative 
transposal to the place of another and also a swapping of viewpoints, thus 
targeting phase one through three of Depraz’ structure.  
 
3.2 Intersubjectivity and the neurological basis of empathy 
Intersubjectivity has been defined as "(the) mutual co-arising and 
engagement of interdependent subjects, or 'intersubjects' which creates 
their respective experience."28 
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This section will investigate intersubjectivity as the underlying construct 
facilitating empathy. Intersubjectivity is a considerable field of theory in 
itself that has been addressed by such philosophers as Husserl, Schelar, 
Heidegger, Merleau-Ponty, and Sartre.29 Further to these more established 
sources many contemporary philosophers, theorists, neurologists, and 
therapists are writing prolifically about the nature of intersubjectivity. This 
part of my research will investigate intersubjectivity through the work of 
contemporary theorists, particularly Zahavi, Stern, Thompson, and de 
Quincey. The section will then move into the territory of mirror neurons 
and their fundamental role in facilitating interpersonal connection. Through 
necessity, this section cannot provide an exhaustive account of either 
intersubjectivity or mirror neurons, rather it is designed to introduce the 
reader to the relevant architectures that underlie empathy. 
  
In his pivotal article ‘Empathy and Consciousness’, Evan Thompson 
suggests that our awareness of ourselves as embodied individuals is reliant 
on empathy.30 That is, from the most basic stages of development our 
cognition is founded on a primal recognition of ourselves as human beings 
similar to other human beings. This empathetic understanding is made 
possible by the fact that our consciousness is intersubjectively open to 
others, even prior to actual encounters. He proposes that the conscious 
experience that we have of the world “emerges from the dynamic co-
determination of self and other.”31 This type of self-other co-determination 
has been termed intersubjectivity. Christian de Quincy suggests that within 
the definition of intersubjectivity provided above, individuals ‘co-emerge’ 
or ‘co-arise’ as a result of a holistic field of relationships. In a similar line 
Stern writes that humans operate in an entirely interconnected world that is 
cocreated through the interaction of our own and others’ behaviour and the 
broader context in which we operate.32 This ‘intersubjective matrix’ is 
constructed, in the mind of every human, through the ability of our nervous 
system to be “captured by the nervous systems of others, so that we can 
experience others as if from within their skin, a well as from within our 
own.”33 The issue of the inherent intersubjectivity of consciousness 
provides a powerful framework for empathetic encounters to occur as it 
suggests that as humans we are in a state of ‘readiness’ to connect, 
irrespective of the existence of another person.  
 
Dan Zahavi, in his article Beyond Empathy,34 suggests that the 
intersubjectivity that underlies empathy is pervasive and primordial. His 
view is that while there is an empathetic approach to intersubjectivity this 
is too limited to account for the omniscience of intersubjective 
consciousness. This limitation is attributed to empathy being generally an 
interpersonal encounter. He asserts that the more powerful accounts of 
intersubjectivity from phenomenology, including the work of Sartre, 
Heidegger and Merleau-Ponty, all go beyond empathy. Thus, 
intersubjectivity is the basis for any experience of the world and cannot be 
reduced to a concrete encounter between individuals. Zahavi writes:  
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“…it is not possible to simply insert intersubjectivity somewhere within an 
already established ontology; rather, the three regions ‘self’, ‘others’ and 
‘world’ belong together; they reciprocally illuminate one another, and can 
only be understood in their interconnection. Thus, it doesn’t matter which one 
of the three one takes as a starting point, for one will still inevitably be led to 
the other two: the subjectivity that is related to the world only gains its full 
relation to itself, and to the world, in relation to the other; i.e., in 
intersubjectivity; intersubjectivity only exists and develops in the mutual 
interrelationship between subjects that are related to the world; and the 
world is only brought to articulation in the relation between subjects.”35  
 
With such a model of intersubjective consciousness as a base it is 
interesting to reiterate the aim of my current research which is to encourage 
empathy between people who do not share physical space. Zahavi’s 
narrowing of the function and scope of empathy and its relationship to 
intersubjectivity rather than hindering this aim actually helps define a 
boundary condition for the research.  
 
Mirror neurons and empathy 
It is at this juncture that the role of mirror neurons is critical. In the 1990s 
researchers identified neurons in the premotor cortex of a monkey that 
were activated when the animal was observing goal-related actions such as 
grasping or reaching.36 Subsequent research has demonstrated that a similar 
system exists in humans.37 These ‘mirror neurons’ are activated when we 
observe another biological being interacting with an object and fire in the 
same sequence as when we personally undertake the action.38 In situations 
where a robot arm is interacting with the observed object, or when the 
object is merely observed but not interacted with, the neurons do not fire. 
They require that the action be undertaken by another species ‘like us’ in 
order to activate. Mirror neurons have been heralded from broad sources as 
key to human empathy, action recognition in human development, and 
fundamental to the development of language and culture.39 Vilayanur 
Ramachandran suggests that the development of mirror neurons in humans 
may even be key to the ‘great leap forward’ in human evolution.40 In his 
view these neural structures played a critical role in allowing our 
predecessors to imitate the movements of others. This included large scale 
movements important for survival but also the ability to mime as mirror 
neurons allow us to recognize and understand lip and tongue movements. 
As Stern writes:  
 
“Mirror neurons sit adjacent to motor neurons. They fire in an observer who 
is doing nothing but watching another person behave (e.g., reaching for a 
glass). And the pattern of firing in the observer mimics the exact pattern that 
the observer would use if he were reaching for the glass himself, In brief, the 
visual information we receive when we watch another act gets mapped onto 
the equivalent motor representation in our own brain by the activity of these 
mirror neurons. It permits us to directly participate in another’s actions 
without having to imitate them. We experience the other as if we were 
executing the same action, feeling the same emotion, making the same 
vocalization, or being touched as they are touched.”41  
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Beyond the learning of motor skills and language acquisition mirror 
neurons also provide a powerful neurological framework for experiences of 
intersubjectivity and empathetic connection.42 Rizzolatti suggests that the 
mirror neuron system in humans is far more sophisticated than that present 
in monkeys and allows humans to understand the actions and emotional 
intent of others, crucial information for survival in a complex social world. 
In addition, he proposes that rather than understanding the world through 
the agency of reason we understand it in real-time through emotional 
channels. Thus: “Mirror neurons allow us to grasp the minds of others not 
through conceptual reasoning but through direct simulation. By feeling, 
not by thinking.”43 Whilst mirror neuron studies have thus far privileged 
visual sensory input there is some evidence to suggest that other sense 
modalities may activate similar systems. A study led by Kohler identified a 
particular type of ‘audio-visual’ mirror neuron that was activated in 
monkeys whether the subject was performing, watching or hearing 
particular actions.44 The studies found that when the monkeys were 
exposed to action-related sounds such as tearing and breaking the mirror 
neurons that alighted when they viewed such actions were stimulated. In 
scenarios where the monkeys were exposed to incidental noise that was not 
action-driven, such as animal calls, the neurons were not excited. Whilst 
studies to locate these audio-visual mirror neurons in humans have not yet 
been conducted one might postulate that in light of the highly evolved 
nature of the human mirror neuron system for visual stimulus, a similar 
level of complexity would exist for other sensory modalities.  
 
3.3 The Physiological basis for emotion 
The idea of conscious and non-conscious phases of empathy has parallels 
in current research being conducted into the physiological basis for 
emotion. Damasio suggests that behind the emotions and feeling that we 
experience on a daily basis there is something more constant, which he 
terms background feelings. These background feelings are the less variable 
emotional landscape in which the punctuating emotions occur. He writes:  
 
“…a background feeling is not  what we feel when we jump out of our skin 
for sheer joy, or when we are despondent over lost love; both of these actions 
correspond to emotional body states. A background feeling corresponds 
instead to the body state prevailing between emotions…The background 
feeling is the image of the body landscape when it is not shaken by 
emotion.”45  
 
He distinguishes these background feelings from ‘secondary emotions’ 
which occur when the reaction becomes conscious. At this later stage we 
begin to draw a connection between the innate emotion and the situation 
that has elicited it. This leads to the development of a schema regarding 
this type of experience, which may be invoked at the next experience of the 
emotion.46 In his view, the creation of emotion occurs in response to 
chemical and neural changes in the body. To clarify, commands that 
originate in the brain are sent to other parts of the brain or to regions of the 
body through one of two pathways – the bloodstream “where the 
commands are sent in the form of chemical molecules that act on receptors 
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in the cells which constitute body tissues.”47 The second route is via neuron 
pathways. The result of these coordinated chemical and neural commands 
is a global change in the state of the organism which is experienced as a 
change in emotional state. The body responds in different ways to these 
signals causing muscles to twitch, clench or relax in response. Toombs 
reinforces the notion of emotions being a physiological as well as a 
psychological phenomena. She suggests:  
 
“Emotions are not simply ‘in one’s head’, they are concretely embodied. 
Redness in the face is not just an expression of anger, it IS anger. Physical 
qualities are ways in which the body is lived. Fear manifests itself as a 
constriction in the throat, a pounding of the heart, and a trembling of the 
knees.”48  
 
Thus, working within this model, the physiological enaction of an 
emotional state is the emotion itself. And as physiological signals can be 
recorded and transmitted they may provide the basis for profound 
connective experiences between remotely located individuals. The 
extraneous information regarding the directionality of the emotion fills in 
the blanks and contextualises the physiological information. For instance, 
from the signal of a pounding heart one may infer fear, excitement or 
physical exertion. Other informational channels may be required to 
augment and clarify the experience of the transmission device.   
 
 
This chapter has argued for a fundamental condition of interconnection and 
empathy that underlies our daily activities. This investigation has 
incorporated the four phases of empathy, as described by Depraz; the 
nature of intersubjectivity and mirror neurons, and their relationship to 
empathy; and finally, the physiological basis for emotional experience, as 
investigated by Damasio and Toombs. The chapter furnishes the reader 
with a base understanding of the primary condition of empathy and 
intersubjectivity as it occurs in the interpersonal context. The chapter that 
follows investigates sensory plasticity including the processes through 
which neuronal pathways within the brain are remapped to adjust to 
differing sensory stimulations.  
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Chapter 4  
Plasticity in Sense Perception 
The indeterminacy of relations between sensation and perception 
 
Chapter three established an understanding of empathy as being integral to 
the development of consciousness. It suggested that the development of 
empathy was reliant on a plastic vision of mind in which consciousness is 
co-created through interactions with others and the environment. This 
chapter investigates the plasticity of sense perception in more detail. The 
purpose of the chapter is to suggest a level of perceptual plasticity in which 
neuronal pathways within the brain are remapped to adjust to differing 
sensory stimulations. The outcome of such perceptual flexibility, in an era 
of rapid technological change, promotes a way of understanding the world 
that might evolve with the addition of each new technology, allowing us 
access to information previously inaccessible by the human body.  
 
Section 4.1 investigates the idea of sensory augmentation as it has been 
narrated through the experiences of individuals blinded later in life. Whilst 
the loss of sight may coincide with the heightening of other senses the 
research does not propose the existence of the deaf super-seer or the blind 
super-hearer. Rather, the research suggests that the mind is a flexible 
system that changes and reconfigures to allow for the optimal chance of 
survival in any situation. Section 4.2 examines the sensory substitution 
experiments of Bach-y-Rita commencing in the late 1960s. These and other 
pivotal studies provide strong support for a theory of cognitive plasticity in 
which the brain rewires itself to accommodate changes in sensory input. It 
is at this juncture that the idea of synthetic sensing will also be addressed 
again referring to the pioneering studies of Kevin Warwick. 
 
4.1 Sensory augmentation in the blind community 
Investigation of perceptual change is easiest to observe in dramatic 
situations, such as blindness. Within such situations the individual’s 
sensory make-up is dramatically altered, and the ensuing perceptual 
understanding of the world is markedly different. Whilst blindness may be 
understood as a form of sensory deprivation, it also allows for types of 
sensory augmentation, or heightened sensory awareness, to occur. 
Experiences and accounts of individuals losing a sense over time provide 
support for the notion of sensory plasticity. Few researchers consider 
sensory modalities to be entirely separate, operating in complete isolation.1 
Rather, the senses overlap to furnish us with a clear understanding of a 
scene or experience. As Clark writes:  
 
“…we often combine modalities, using touch, sight, and sound in complex 
interdependent loops where the information received in each modality helps 
tune and disambiguate the rest.”2  
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Or, as Gibson suggests:  
 
“These five perceptual systems overlap one another; they are not mutually 
exclusive. They often focus on the same information – that is, the same 
information can be picked up by a combination of perceptual systems 
working together as well as by one perceptual system working alone.” 3 
  
John Hull’s account of going blind, ‘Touching the Rock’, allows a rare 
insight into the changing perceptions of an individual moving from the 
sighted to the non-sighted world. While his intensely personal account 
focuses largely on the impact of encroaching, then absolute, blindness on 
relationships, mobility and general interaction he also provides a portal into 
how senses start to heighten as others fade. One such area is ‘echo-
location’ which is the ability of the blind to sense the existence and 
location of objects without having to make physical contact with them. 
Hull suggests that while any sight remained his echo-location abilities were 
not perceptible but the longer that he was blind the stronger the sense 
became. Hence:  
 
“The experience itself is quite extraordinary, and I cannot compare it with 
anything else I have ever known. It is like a sense of physical pressure. One 
wants to put up a hand to protect oneself, so intense is the awareness. One 
shrinks from whatever it is. It seems to be characterised by a certain stillness 
in the atmosphere. Where one should perceive the movement of air and a 
certain openness, somehow one becomes aware of a stillness, an intensity 
instead of an emptiness, a sense of vague solidity. The exact source of the 
sensation is difficult to locate. It seems to be the head, yet it often seems to 
extend to the shoulders and even the arms. Awareness is greater when the 
environment is less polluted by sound, and in the silence of my late evening 
walk home, I am most intensely aware of it.”4 
 
This sense of presence, which is not specifically registered in one or other 
sense modality, has been termed ‘sensationless perception.’5 That is, the 
sensation that is being experienced by the individual is an auditory echo 
detection, yet the perception is of a type of facial vision. This sense, which 
is dulled in the sighted community, suggests that there are moments in 
which sense modalities are stimulated in such a way as not to be specified 
in consciousness. In order to draw in enough information to develop a 
coherent understanding of a situation greater emphasis is placed on certain 
senses when others become weakened.6 In his study of sight restoration 
after long-term blindness Oliver Sacks investigates the way that sense 
modes interlink to facilitate a seamless experience of reality. One 
individual of study had been blind since childhood and long forgotten the 
experience of sight. The world, in which he operated in a relatively fluid 
manner, was understood through other sensory channels. Sacks suggests 
that when a sense is lost, or especially if it was never functional, the 
corresponding part of the brain that deals with that sense can be 
reappropriated for other purposes. For those who have been blind since 
childhood, the part of the cerebral cortex that deals with visual perception 
will be very underdeveloped (within the sighted person nearly half of the 
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cerebral cortex is dedicated to visual perception). As the brain is a plastic 
entity that reorganises its connections and pathways based on the input that 
it receives, the cortex of a long-term blinded person may be scaffolded for 
use by other perceptual channels. Sacks writes:  
 
“It has been well established that in congenitally deaf people (especially if 
they are native signers) some of the auditory parts of the brain are 
reallocated for visual use. It has also been well established that in blind 
people who read Braille the reading finger has an exceptionally large 
representation in the tactile parts of the cerebral cortex. And one would 
suspect that the tactile (and auditory) parts of the cortex are enlarged in the 
blind and may even extend into what is normally the visual cortex. What 
remains of the visual cortex, without visual stimulation, may be largely 
undeveloped. It seems likely that such a differentiation of cerebral 
development would follow the early loss of a sense and the compensatory 
enhancement of other senses."7  
 
The primary distinction between the research of Sacks and Hull is that 
Sacks’ subject had been blind since childhood whereas Hull completely 
lost his sight at around 45 years of age.  Sacks suggests that for the sighted 
community the practice of knitting sensory input together to create 
cohesive environments is a progressively learnt practice culminating in a 
comprehensible world of concepts and meanings. The information that is 
conveyed to the brain through the retinas is only data unless there is a 
meaning construct existent to decode the symbols and convert them into 
meaningful experiences. The phenomenon of physically being sighted but 
unable to decode visual input has been termed experiential blindness.8 For 
Sacks’ patient, who had been blind for 45 years, the barrage of visual 
information that was presented to him when the bandages were removed 
was nothing beyond a hazy mash of colours and movement. Whilst the 
optic nerve may be functioning appropriately and thus messages being 
transmitted to the brain, the language system required to decode these 
messages had not been created. As such, it is postulated that the act of 
seeing is a behaviour that is learnt through visual interaction with the 
world, which starts from early childhood. Notions such as distance, 
perspective and relative size, which we might assume to be innate, are in 
fact learned understandings.9 This is a core idea in the enactive approach to 
consciousness, discussed in chapter 2. 
 
The notion of temporality as a plastic phenomenon that is impacted by 
sensory input is investigated by both Hull and Sacks. Sacks suggests that 
the process of perception for the non-sighted community is sequential 
rather than simultaneous. That is, sighted people perceive in space and time 
whereas non-sighted people perceive in time alone. Thus, as perception is 
always linked to movement, vision does not occur in a vacuum but rather 
as a result of the complex interrelationships between sense modalities, that 
are transmitted to the brain and made sense of by our meaning systems. 
Thus:  
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"… the blind build their worlds from sequences of impressions (tactile, 
auditory, olfactory) and are not capable, as sighted people are, of a 
simultaneous visual perception, the making of an instantaneous visual scene. 
Indeed, if one can no longer see in space, then the idea of space becomes 
incomprehensible."10  
 
As an exception to this linearity of perception Hull explains that when it is 
raining the physical world, which is usually experienced as a sequential 
series of interactions, is presented in a more comprehensive way.  
 
“My body and the rain intermingle, and become one audio-tactile, three-
dimensional universe within which and throughout the whole of which lies my 
awareness…If the rain were to stop, and I remain motionless here, there 
would be silence. My awareness of the world would again shrink to the 
extremities of the skin.”11 
 
The extended space that we inhabit, as sighted people, is contracted to the 
space of tactile and audible interaction with the blind. Only the space that 
can be touched by the body or through bodily extensions (e.g. white cane) 
become palpable. The issue of prosthetic extension, through the usage of 
the cane, in the case of the non-sighted person, is interesting to contemplate 
with regard to sensory augmentation. Hull suggests that rather than 
individual senses being relied upon to deliver parts of an overall picture the 
physical body becomes the organ of sense. This integrated sense organ can 
be briefly augmented by auditory input or through the use of a white cane, 
but on the whole the bodily knowledge cannot exceed its own dimensions. 
At this juncture it is valuable to refer back to Bateson’s cybernetic 
approach to the mind in which the unit of action incorporates the 
individual, the stick, the environment and whichever other elements are 
salient to the perceptual scene. Equipped with visual sense we immediately 
imagine a broad field of interaction (everything that is visible) as being part 
of the extended system. Yet, with blind individuals the field of interaction 
is compressed to the audible and the tactile - a much smaller zone.  
 
4.2 Prosthetic perception and sensory substitution 
 
“The brain is a plastic organ, with various mechanisms of information 
transmission and mechanisms of compensation for damage and sensory loss. 
Reorganisation of brain function is possible not only in early development, 
but throughout life…”12 
 
The experiments in the late 60s and early 70s by Paul Bach-y-Rita and 
colleagues at the Smith Kettlewell Institute, California, focused on 
substituting the sense of sight with tactile information. The experiments 
were conducted with individuals who were congenitally blind and sought 
to reroute the signals received by the brain from the retina via a prosthetic 
connection. As Bach-y-Rita writes:  
 
“In normal sight, the optical image does not get beyond the retina. From the 
retina to the central perceptual structures, the image, now transformed into 
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nerve pulses, is carried over nerve fibres. It is in the central nervous system 
that pulse-coded information is transformed into the subjective visual 
experience. It appears to be possible for the same subjective experience that 
is produced by a visual image on the retina to be produced by an optical 
image captured by an artificial eye (a TV camera), when a way is found to 
deliver the image from the camera to a sensory system that can carry it to the 
brain.”13  
 
Bach-y-Rita suggests that while the blind may have lost vision they have 
not lost the capacity to see – as it is the brain, rather than the eyes that do 
the seeing.14 His experiments involved congenitally blind participants 
learning to use a sensory substitution system. In using the ‘tactile vision 
substitution system’ (TVSS) participants wear a head mounted video 
camera. The visual information from this camera was delivered to the brain 
via a tactile array located on the participant’s body – either abdomen, back, 
or thigh.15 Thus, the image being viewed through the camera lens was felt 
through the vibration on the body. It was found that with practice and 
independent control of the device, after a period of time users reported 
experiencing the image in space, rather than on the skin.16 This ability of 
the brain to assimilate the incoming information and interpret it as visual 
content, although it is being sensed through tactile channels, garners 
support for the hypothesis that the brain is a plastic organ, capable of 
adapting to changes in sensory input. 
 
   
 
Image 1: Blind man with tactile substitution array; props with corresponding monochrome 
depiction of information to be transmuted into vibration. 
 
Bach-y-Rita discusses issues of qualia17 in relationship to sensory 
experience and the role of learning in the development of emotional 
content. Users of the system often expressed disappointment at their lack of 
emotional reaction when finally being able to ‘see’ the face of a loved 
one.18 Bach-y-Rita suggests that the missing qualia in these experiences 
may be attributed to the low resolution of the image delivered by the 
apparatus, the lack of experience the users have with the system, or the 
potent role of learning in perception. A further issue that is surfaced by 
these projects is the often tenuous relationship between sensation and 
perception. Whilst the subjects in Bach-y-Rita’s studies were receiving 
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tactile stimulus, they reported having a visual experience. As Bach-y-Rita 
suggests: “… This suggests a condition where the sensory input is mapped 
in a unique way to the perceptual experience.”19   
 
Many researchers have followed Bach-y-Rita’s research directions and 
developed projects that range from auditory substitution systems20 to more 
refined tactile substitution systems that are located on the fingertips21 or the 
tongue.22 The results of these studies have been similarly successful to the 
original research. An experiment led by Bach-y-Rita in the late 1990s 
involved the development of a scaled down version of the earlier 
experiments fitted to a dental orthodontic retainer. This project exploited 
the trend to miniaturisation of electronic components and utilised small 
scale wireless technologies. From a design perspective the goal of the 
project was to develop a cosmetically unobtrusive vision substitution 
system for the blind.23 Bach-y-Rita identifies several major benefits of 
using the tongue as a site for investigation, including its sensory sensitivity 
- thus requiring less stimulation than the fingertips or torso – and that the 
presence of saliva advances electrical contact. The tongue is also more 
densely populated with touch-sensitive nerves than elsewhere on the body. 
As a result there are possibilities of conveying higher resolution data than 
can be perceived through the skin.24 The type of perception experienced by 
the users of TVSS is often explained in vision-like terms. However, as 
many users of the apparatus are congenitally blind the sight related 
comparisons are difficult to attest to. Perhaps, as Jacques Paillard suggests, 
“the quasi-visual description of such newly experienced tactual feelings 
might not be necessarily endowed with a visual signature similar to that 
experienced by seeing subjects.”25 Such a notion is enticing as it suggests a 
unique way of perceiving the world that has emerged through the body’s 
recognition of an ancillary sense modality. 
 
  
 
Image 2: Tongue Electrodes  
 
Cognitive studies suggest that the brain is at its most plastic, thus capable 
of adapting to new channels of sensation, during early development. There 
were many brutal animal experiments undertaken in 1960s and 1970s to 
establish the extent to which vision was a learned phenomenon, and to 
investigate cognitive plasticity.26 For instance the experiments of Hubel 
and Wiesel, in the late 1960s and early 1970s, entailed depriving various 
infant mammals (primarily kittens and monkeys) of the sight of one eye to 
establish the extent to which the production of cortical cells would be 
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stunted. Their findings suggested that within a few days the number of cells 
that could be driven by the closed eye remained stunted to a fraction of the 
normal capacity.27 The same experiments carried out with adult mammals 
had little effect as the neurological structures for dealing with visual input 
had already been established. Further, it was found that the active eye 
started to annex portions of the cortex that would usually be used by the 
sutured eye. This immense flexibility in the brain to reorganise itself, 
dependant on the state of the sense modalities, declines during childhood 
but is still maintained, in a more limited capacity, in adulthood (as attested 
by the Bach-y-Rita experiments). 
 
Taking advantage of this early plasticity and following from the 
experiments of Bach-y-Rita, Eliana Sampaio28 is developing a sensory 
substitution technology for blind babies in which the substitution system is 
build into a pacifier (dummy). In such a situation the zoom and pan 
functions of the miniature camera would be controlled through a sucking 
action on the pacifier. Other modes of vision substitution that are receiving 
research attention include the transduction of visual images into audio 
output. In this line of research a freely downloadable product, the vOICe 
Learning Edition29 purports to translate video images into sound which the 
user can listen to via discreet headphones. The vOICe system converts 
visual images into 64x64 resolution pixel maps in which each pixel is 
given an auditory value. As this project demonstrates, the logic of tactile 
substitution may be applied in a variety of different ways. Kaczmarek has 
investigated the development of electrotactile displays of computer 
graphics.30 Such technology would allow blind users access to an 
electrotactile representation of the graphical interfaces of computer 
programs.  
    
 
Image 3: 64x64 pixel grid display (audio substitution resolution); 26x26 pixel grid display 
(body mounted resolution); 13x13 pixel grid display (tongue mounted resolution) 
 
Sensory substitution techniques may also be used to facilitate types of 
sensing that are not native to human capabilities. One outcome of the 
experiments of Kevin Warwick, discussed in chapter 3, was the 
opportunity to access ultrasonic sensory input. Such an extra-human sense 
would allow the individual access to a wide variety of previously 
imperceptible information. In practical terms the ultrasonic sensor allows 
for advanced navigational abilities for those without sight or others 
working in lightless environments. The experiment was conducted through 
the attachment of high frequency antenna, a transmitter and a receiver, 
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attached to a baseball cap.31 The ultrasonic transmitter sent out high-
frequency sound signals which were reflected back by objects in the 
vicinity. The corresponding current was transmitted through Warwick’s 
implant to his nervous system as a series of pulses. Thus, as objects got 
closer the signals would speed up (as the frequency was bounced back the 
shorter distance) pulsing rapidly and when the object moved away the 
intervals between pulses would lengthen. Warwick reported being able to 
sense the approach and retreat of objects immediately with his ultrasonic 
sense (he was blindfolded during the experiments) demonstrating that there 
was no time lag while the brain learnt to recognise the new signals. This 
research is relevant for two reasons: firstly, as it demonstrates the 
immediate adaptation of the brain to new sensory stimulus suggesting a 
reasonable level of sensory plasticity; and secondly, as it suggests 
possibilities for the adoption of synthetic senses – hitherto unknown ways 
of sensing the world. Recalling Bach-y-Rita’s suggestion that the eye plays 
only a limited role in visual perception, this experiment is most interesting 
as it sets up conditions whereby vision-like information may be transmitted 
directly to the brain via the nervous system. 
 
 
This chapter proposes that the human sensory system is plastic by nature. 
Drawing on the research presented in the preceding chapter regarding the 
flexible construction of consciousness, the chapter has investigated 
situations in which sensory plasticity is most palpable. Plasticity is a 
framework that allows for ease of integration of new technologies or modes 
of operation, on a physical and mental level. The projects of Paul Bach-y-
Rita and other researchers in the area of sensory substitution build a 
convincing case for brain plasticity and question preconceptions regarding 
the fixedness of sensory channels. Such technologies have diverse possible 
applications from remote surgery, night vision systems for the military, 
underwater exploration systems, augmented reality for gaming, through to 
practical vision substitution for blind people.32 
 
The research distilled in this chapter is most relevant when contemplating 
ways that new technologies might be recognised by the brain to facilitate 
unique experiences of empathetic awareness, as proposed in the next 
chapter. 
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Image 1: Reproduced from Bach-y-Rita, 1972 
 
Image 2: Reproduced from Weiss, 2001 
 
Image 3: Created by the author, 2006 
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Chapter 5 
Empathy and the Space Between 
The role of digitally enhanced apparel in the development of remote 
empathetic connection 
 
This chapter introduces the prototypes that I have developed throughout the 
Masters. These are informed by the conceptual investigations undertaken in 
the previous chapters and are designed to connect remotely located people 
through the transference of presence information. The prototypes have 
been developed to address the research question: 
 
Can moments of intuitive connection be stimulated to enhance empathy 
between humans, in real time, who are physically remote from one another? 
 
This question is addressed through the development of a series of projects 
designed to connect people who do not share physical space. These 
prototypes, varying in sophistication and philosophical motivation, are 
concerned with transmitting a meaningful sense of presence between 
geographically disconnected parties. The garments and artefacts draw from 
the theoretical framework established through the previous chapters but are 
not tied to philosophical models. In many ways they are cumulative, with 
issues raised by the initial prototype carried through to resolution in 
subsequent projects. The initial prototype, Empathy Vest, sought to develop 
a sense of ‘spatial empathy’ between remotely located individuals through 
the transmission of environmental information. The subsequent and 
principal body of work, Ether Beat, is a range of garments and artefacts 
that work solely with heartbeat. They were commenced in June 2004 and 
will continue to be modified and improved after my Masters is complete. 
  
Section 5.1 investigates a range of biosignal sensing garments and projects, 
being developed in the health, defence and sporting fields, which 
background the development of my projects. Through identifying 
shortcomings in existing research the section argues for a hybrid discipline 
which draws from learning in the scientific fields to generate powerful 
human connection works. Section 5.2 investigates Empathy Vest, 
developed in early 2004. The primary question that motivated the 
development of this garment was whether it was possible to have a sense of 
‘being there’ without physically being present. That is, whether through 
physically sensing stimulus from a remote environment (light, wind, sound 
etc.) the user might, in turn, experience profound psychological change. 
The resulting prototype dealt with a series of input signals that were 
mapped onto the body in a variety of ways. The section investigates the 
conceptual interests that underlie the project and the user interaction 
scenarios for which it was developed. Section 5.3 details the Empathy Vest 
design process and its technological schematics. The section goes on to 
examine the outcomes of the project and its pivotal role in the research. 
 
Section 5.4 introduces the Ether Beat range of garments and artefacts. 
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These prototypes are a central focus of the research and have been in 
development and testing since June 2004. The prototypes investigate 
remote empathetic connection through the real-time exchange of heartbeat. 
Within this section much of the earlier theoretical research is implicit, from 
notions of peripheral awareness investigated in chapter one, flexible 
consciousness investigated in chapter two, Depraz’s four stages of empathy 
reviewed in chapter three, and finally referencing issues addressed by 
Bach-y-Rita’s research, as discussed in chapter four. The prototypes do not 
seek to ‘prove’ any of these theories but rather use them as inspiration for 
the development of new ways of thinking about the potential role of 
technology in mediating our relationships. Section 5.5 details the 
development of the Ether Beat range of garments, from conception through 
design development and finally to finished prototype phase.  
 
Section 5.6 presents the Hand Heart prototypes and discusses the issue of 
handheld devices in contrast to wearables. This section also discusses the 
design process involved in developing the prototypes. Section 5.7 details a 
range of quantitative and qualitative experiments that were designed and 
undertaken to test the Ether Beat prototypes. These cannot conclusively 
prove that the prototypes will have long term impacts on every user as 
longer term testing and broader sample groups are required for these types 
of results. However, the experiment results and qualitative feedback is 
sufficiently robust to suggest that the prototypes have a profound impact on 
users. Section 5.7.1 discusses the first interaction scenario where the public 
were encouraged to interact with the Hand Hearts in a gallery setting. 
Users then anonymously recorded their reactions on small cards, which 
operate as intriguing artefacts of the interaction process. 5.7.2 details the 
primary laboratory regulated experiments. The aim of these experiments 
was to critique the physiological impact of the technologies on users. They 
involved connecting participants to an Electrocardiogram (ECG) monitor 
to record their physiological reactions while interacting with the garments 
and artefacts. The section explains the experiment design and 
methodologies, and terminologies utilised. 5.7.3 reports on the results 
generated by the experiments and describes the data analysis techniques 
employed. 5.7.4 details the final user testing scenario which involved users 
interacting with the hearts for longer periods of time and writing short 
essays in response. Finally, section 5.8 analyses the results and makes 
recommendations for future testing and research. 
 
5.1 Electronically enhanced wearables and artefacts 
Limitations and encouraging signs in the field  
There are a range of contemporary wearable projects that aim to sense and 
transmit a meaningful sense of presence. These projects have various 
motivations, some for health monitoring, others for defence purposes and 
still more for sports training feedback. This section will investigate a 
number of projects that centre on biosignal detection, transmission and 
transduction. The subject of wearable electronics is investigated detailing 
research being undertaken in the health, defence, art practice and sporting 
fields. While this is a broad area of research the section aims to draw from 
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diverse sources to suggest ways of incorporating biosignal data into remote 
presence projects. The section will then investigate two projects that utilise 
brain waves to enact change in the environment. These projects, ‘Brain 
Ball’ from the Interactive Institute in Sweden, and HAL-5 from the 
University of Tsukuba in Japan, both allow users to enact changes in the 
environment through controlling their brainwaves. The projects raise 
interesting possibilities for non-verbal biosignal communication. They also 
bring into question the extent to which users can control their biosignals so 
as to transmit the ‘right’ message. The aim of this section is to argue for a 
hybrid discipline which draws from learning in the scientific fields and 
utilises this to generate powerful human connection works.  
 
Our garments play a pivotal role in daily life. They act as the indicators of 
the public image we wish to portray, they protect us from the elements and 
generally speaking they have some sense of importance to us emotionally. 
Garments, when in their active state, operate as complex non-verbal cues 
that allow us to compartmentalise and schematise the world around us, and 
those within it. Generally speaking though, the garment has a very small 
radius of affect, impacting primarily upon those in our immediate vicinity. 
In non-verbal communication theory garments are considered as ‘unstable 
characteristics’ of appearance, along with hair colour or ornamentation.1 
The notion of apparel having an amplified role, beyond simply protecting 
us from the elements, is not new. Apparel has long been a powerful 
signifier of social standing, political affiliation, and peer identification. In 
his book Tigersprung, Ulrich Lehmann looks to the fashion of the 19th 
century, whose primary role was to denote social standing, as a powerful 
example of the garment as non-verbal signifier:  
 
“Suits and dresses were meant essentially to denote membership to a certain 
social caste and were not intended to make the wearer feel protected, warm, 
or comfortable.”2 
 
In a contemporary sense the development of remote biosignal sensing 
textiles expands the presence of the traditional garment far beyond that of 
its predecessors. Much research in defence, medical and sporting fields is 
focused on the development of textiles to detect and transmit biosignals 
such as heartbeat (Electrocardiogram - ECG), muscle contraction 
(Electromyography - EMG) and brain waves (Electroencephalography - 
EEG), breathing rate, skin conductance, temperature and a variety of other 
signals.3 One primary focus of such research is the detection of biosignals 
to assess health and wellbeing for military purposes. Such information, in a 
combat scenario, allows medics access to the health status of an injured 
soldier before risking lives attempting to save them. Other military 
applications for wearable electronics range from GPS systems, situational 
awareness systems, and ‘Softswitch’ keyboards printed onto uniforms.4  
 
Recent work led by Jorg Ottenbacher5 has incorporated a Bluetooth based 
ECG system into a t-shirt. The project has developed machine washable 
textile electrodes that are stitched into the shirt. This integration is helpful 
as it minimises patient distress through circumventing the requirement to 
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attach electrodes to the skin. Another recent project, the ‘smart shirt’ or 
Georgia Tech Wearable Motherboard developed by J. Jothi6 integrates 
sensors to detect ECG, respiration rate, and temperature into a t-shirt. The 
shirt also optionally provides a ‘penetration sensing component’ for 
military purposes or sensors to detect hazardous gases and oxygen levels 
for use by fire fighters. The potential applications suggested are for health 
care, military usage, space travel, sports performance, fire fighting and 
police work. The project illustrates one of the primary challenges for broad 
public acceptance of wearables by mainstream society – the notable 
absence of design in the garment development process.  
 
 
 
Image 1: Georgia Tech Wearable Motherboard or ‘smart shirt’ with one of its creators. 
  
Phillips’ investigations into wearable electronics, which culminated in the 
release of the book New Nomads in 2000 was one project that involved 
designers, engineers and programmers working together throughout the 
development process. The garments created through the initiative 
integrated Softwitch keyboards, biosignal sensors, conductive embroidery, 
and a range of output devices that allowed users biofeedback capabilities to 
monitor their physiological state. Other garments within the range aim to 
conceal existing communications modalities through miniaturisation and 
integration. The sportswear pictured below allows the athlete to check their 
biosignals via electrodes embedded in the bra while the pants house audio 
devices with conductive print interface. The ‘queen of clubs’ project, is 
positioned as a dynamic physical interface through which one can 
manipulate the clubbing environment. The lights on the front of the pants 
illuminate when the wearer is being paged whilst the contraction and 
expansion of the electroactive textile in the upper garment interacts with 
lighting and audio systems in the club and causes environmental changes to 
manifest.  
 
Marzano7 suggests that the ‘re-interiorisation’ of devices into wearable 
applications is a natural evolution of electronic miniaturisation and the 
move towards ubiquitous computing. Within this model, computation may 
be absorbed into existent artefacts, such as clothing; disappear completely; 
or remain as a non-functional aesthetic gesture, such as the neck tie. In 
parallel with miniaturisation Marzano suggests that we will progressively 
pursue integration of technology as a means to innovate. This concept is 
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highly visible in the mobile phone market with the latest models integrating 
video, camera, gaming, and entertainment functionalities.  
 
 
 
Image 2: Phillips ‘Queen of clubs’; Phillips electronically enhanced sportswear, pants with 
embedded audio device and conductive print interface and bio-sensor bra; details of bra 
and pants.  
 
There are a range of contemporary projects that utilise EEG and ECG 
wavelengths in innovative ways. Brain Ball, a project from the Smart 
Studio in Stockholm, is a game in which a ball is controlled by users’ brain 
waves. Essentially, Alpha and Beta waves are measured by EEG and this 
information controls the movement of the ball.8 The objective of the game 
is to score goals through the agency of relaxation, relying on the users’ 
capabilities for biofeedback control. From a research perspective Brainball 
was developed to test how biofeedback mechanisms might decrease stress 
and be used as a tool for relaxation. However, the research suggests 
enticing human computer interfaces that might be controlled directly by 
thought. A further project that uses brain control in a wearable application 
is the Japanese HAL-59 robot suit. HAL is an acronym for Hybrid Assistive 
Limb and is essentially an exoskeleton which affords wearers a range of 
superhuman physical capabilities. The suit is equipped with bioelectric 
sensors that detect signals being transmitted between the brain and the 
muscles. These signals indicate when the individual is intending to act 
through detecting slight changes in electrical skin current. Thus, HAL-5 
maintains a pre-emptive awareness of the user’s intentions which allows it 
to move seamlessly with its host body. There are a number of applications 
for the exoskeleton. These range from providing mobility to those with 
spinal injuries through to endowing the average human with superhuman 
strength and endurance. In regard to this research HAL-5 is an interesting 
example of an emerging field of projects that work directly with brain and 
bio signals to enact change in the environment. Whilst there is considerable 
research seeking to sense biosignals for military, sport and health purposes, 
there are fewer projects using such information to encourage emotional 
linkage.  
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Image 3: Brain Ball and HAL-5. Both projects enact action based on controlling the 
environment through brain waves.  
 
A final project that is relevant to my research is the faraway10 project, 
conducted by Polazzi, Jacobs and Andersen, which investigates modes for 
connecting people who are separated by distance. The projects are founded 
on the understanding that presence is about being in the ‘here and now’. 
That is, complete absence occurs when the significant other is occupying a 
different spatial and temporal dimension to us. Polazzi et. al. suggest that 
intermediate situations, afforded by real-time technologies, allow us to 
reconnect temporally but not spatially. In this sense, the challenge is to 
develop presence technologies that provide a spatial and temporal sense of 
the remote other. The projects investigate the notion of an immaterial 
shared emotional space, which exists between people in intimate 
relationships.  
 
“Shared personal language, signs, symbolic objects, and rituals augment this 
space. People physically distant but emotionally close can maintain proximity 
at the emotional level by their affective link and this shared emotional 
space.”11  
 
Faraway attempts to develop objects for interaction that allow people to 
feel close to their distant partner/friend by sensing their presence within 
this shared emotional space. In a project based scenario this requires the 
creation of technologically augmented design artefacts that allow users to 
enter their own personal emotional space, mediating the physical divide. 
The project solutions utilise biosignal information as a subverbal 
communications modality allowing users connect with remote loved ones. 
This project is especially relevant as it positions biosignal information as a 
communications language through which users may remotely connect. 
 
5.2 Sharing Spatial Empathy 
The Empathy Vest: An embodied communication technology 
The Empathy Vest, a prototype I developed in 2004, focused on the use of 
simple technologies to facilitate an embodied experience of remote space 
and place. The project questioned whether through physically sensing 
remote stimulus (light, wind, sound etc.), the user might experience 
psychological change. The project was concerned with the creation of 
wearable information responsive environments that acted as transmitters 
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and receivers of information. Philosophically, the Empathy Vest sought to 
create a sense of ‘spatial empathy’ between people who were physically 
separated. Spatial empathy was defined as “the development of an implicit 
understanding and awareness of the spatial condition that another being is 
experiencing.”12 The prototype encouraged spatial empathy through the 
transmission of environmental stimulus. Through establishing a real-time 
feedback loop between two people, allowing them to sense each other’s 
environmental experiences, a deeper sense of empathy might occur. This 
loop feeds information and sensory stimulus between the remote 
individuals, cultivating non-conscious sensory understanding. In this way 
the work was an early exploration into issues that later became pre-eminent 
in the creation of the Ether Beat prototypes. 
 
The Empathy Vest prototype dealt with a series of input sensors and output 
channels. The input channels, two touch sensors and one voice relay 
sensor, allowed the wearer to have a sense of experiencing informational 
stimulus mapped onto the body through the output modes: four light 
channels and one fan. The project was interested in the notion of emergent 
outcomes and thus the data channels were developed with a factor of 
chance in output combinations. The prototype was developed with a 
Programmable Logic Controller (PLC) microcontroller with multiple 
inputs and outputs. Thus, it could be easily modified to incorporate new 
stimulus, depending on the situation being studied. 
 
 
Image 4: The Empathy Vest built prototype. The left 3 images illustrate the holster with 
Fan, PLC, and Input/Output sensors. The right two images illustrate the over-vest which 
connects to the holster, a polypropylene jacket carrying wirelight. 
 
In his book ‘An Experiment in Empathy’13 Samuel Natale proposes a 
model of empathy that has three distinct phases: Interactive Empathy – 
which entails sensing the feelings of another and communicating these to 
him/her; Predictive Accurate Empathy14 – imagining oneself in the space 
of another, thus being able to intuit the fears, thoughts and emotions of that 
person; and finally Predictive Accurate Empathy with a Generalised Other 
– the ability to put oneself into the position of a large class or group of 
people. I developed the Empathy Vest to explore the final two scenarios – 
empathetically connecting with a single other and connecting with a group 
of people. It was devised with a series of user interaction scenarios in 
mind: the relationship between two remotely located individuals; between 
an individual and a remote crowd; and between an individual and a remote 
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space. Within the first interaction scenario the prototype acts to enhance 
empathy between remotely located individuals through the transference of 
environmental data. In this situation the real-time experience of sensing the 
environment of a remote other leads to the development of an implicit 
spatial understanding. This interaction scenario was influenced by the 
writings of Stern, Rizolatti15 and others investigating link between mirror 
neurons and empathy.  
 
 
 
 
Image 5: A series of early diagrams illustrating the three connection scenarios: person-to-
person; person-to-crowd; and person to architectural space. 
 
The second interaction scenario allows users to remotely experience a 
crowd situation – such as a football match or protest. A great proportion of 
information from such situations is environmental, including temperature, 
humidity, audio, light and wind levels. This stimulus can feasibly be 
mapped onto the body to provide a sense of intensity at peak times (e.g. 
when a goal is scored). These investigations are supported by the research 
of Damasio16 who suggests that feelings are not elusive mental states but 
are the direct perception of processes occurring in the body. Damasio 
postulates that the body and the brain exist in a state of bi-directional real-
time exchange.17 The primary mode through which the environment acts on 
the individual is through stimulating the sensory system, which transmits 
messages to parts of the brain known as early sensory cortices. The 
individual, in turn, impacts on the environment by moving through and 
making changes within it. Thus a continual feedback loop is established 
where information is harvested from the environment, transmitted to the 
brain, processed, and informs the following movements. As Damasio 
writes:  
 
“If body and brain interact with each other intensely, the organism they form 
interacts with its surroundings no less so. Their relations are mediated by the 
organism’s movement and its sensory devices.”18  
 
Thus, the Empathy Vest acts as a remote sensory modality. The information 
from this remote sensory channel is mapped onto the body and should (by 
this model) effect changes in the sensory cortices of the brain. This phase 
of interaction also alludes to Natale’s19 model of Accurate Empathy with a 
Generalised Other, mentioned earlier, which entails the ability to put 
oneself into the position of a large class or group of people.  
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The third interaction scenario overlaps the other two and involves the user 
connecting with a remote space or place. The following narrative 
incorporates the technology in this user model: 
 
An architect has designed a landmark building. The official opening of the 
building, attended by all the local dignitaries, coincides with the eruption of 
her appendix and subsequent hospitalisation. While unable to attend the 
opening event in person the architect can enjoy a video link to watch the 
presentations. Her implicit embodied appreciation of the event is greatly 
enhanced through wearing the Empathy Vest while viewing the proceedings. 
The Empathy Vest allows her to sense the temperature increase as more 
people arrive. She feels the bustling crowd through small pressure pads 
against her skin as the throng move from room to room. When the feature 
glass panel is pulled back to let in the cold night air the small fans at the back 
of the garment activate and a gust of air travels up the back of her neck. The 
lighting levels are dimmed in the grand foyer space and the illuminated 
panels wrapping her body dim in real-time sympathy. 
 
Such a scenario allows us to contemplate the physiological impact of 
spaces on our bodies and the extent to which such data might be 
transmissible in real-time between spaces and people. Further, as the 
channels of received sensation are not too abstracted from the original 
environmental information (wind equalling air flow; light equalling light; 
and pressure equalling pressure) the user should adapt quickly to the 
semantics of information transfer. The apparatus may be used as either a 
stand alone presence media, or to augment traditional communication 
modalities, as suggested in the above narrative. The user interaction 
scenario is also critically plausible as the Empathy Vest utilises a PLC 
microcontroller whose traditional purpose is to control real world 
processes, such as lighting and airflow in buildings. In architectural 
scenarios PLCs are connected to a series of sensors and actuators. The 
sensors can include light, sound, motion, temperature, and humidity and 
based on the data from these inputs certain outputs are instigated. Light 
levels might be altered, alarms activated, or heating switched on or off. In 
large buildings many PLC devices are used simultaneously, 
communicating between each other via short range radio wave or 
Bluetooth. Thus, the information that is sensed by the building is in the 
appropriate protocol to be transmitted to the body, via existing channels. 
The critical role of the designer is then to develop the conversion language 
for sensations to be mapped onto the body.  
 
5.3 The Empathy Vest  
Design process and outcomes 
The Empathy Vest had a clear trajectory from conceptual beginnings 
through to the finalised outcomes. The primary stages in this design 
development were as follows: sketch design through diagrammatic 
proposals; block modelling to accommodate technologies, occurring 
simultaneous to technology research; final design development of the 
prototype; testing and evaluation of prototype. As this was a very short 
project the user testing was very informal and primarily based on peer 
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review. In retrospect the primary function of the Empathy Vest, in the 
broader scheme of my research, was to provide a tangible artefact with 
which to discuss future project ideas with potential collaborators.  
 
The Empathy Vest was designed around existing technologies. Apart from 
programming the PLC device no electronic design was undertaken. The 
backboard and over jacket were developed during a number of intensive 
studio sessions. The first stage was to develop a block model of the 
component parts which allowed for spatial arrangements to be determined. 
I decided to use PLC Microprocessors to control the inputs and outputs in 
the garment as they are relatively quick to program and are quite stable. 
They do not need the long lead times for testing and fine tuning that 
prototyped electronics require. The sensors utilised in the initial prototype 
were two touch sensors and a voice relay sensor. These were all created 
from kit form and in the initial prototype attached by long cables to the 
garment, for expediency and stability. Any further iterations of the garment 
would incorporate Bluetooth or radio frequency transmission of 
information to the microprocessor. 
 
 
 
Image 6: Diagram of input and output channels for the Empathy Vest 
 
From a design perspective the Empathy Vest was a bulky solution utilising 
a backboard mounted computing system with a polypropylene over jacket. 
Whilst a useful prototype for establishing certain technological issues, the 
garment lacks the design refinement of later garments, developed in 
collaboration with a fashion designer. One primary issue with the prototype 
is the weight of the requisite components. The lead acid batteries, in 
particular make it very cumbersome.  
 
The Empathy Vest was a design success in a number of ways. Firstly, based 
on the reliability of the industrially manufactured PLC microprocessor it is 
highly stable. Secondly, it provides a high level of plasticity as the multiple 
input and output channels can be remapped relatively easily. Thirdly, it 
allowed me to develop a basic technical vocabulary to communicate 
technical specifications for subsequent projects. Finally, it allowed for 
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experimentation with the notion of layering functionalities. Within such a 
model the prototype is conceived as incorporating a brain (computational 
functionalities), a nervous system (wiring and sensors), an epidermis 
(structure to which computation and wiring is fixed) and a dermis (a clear 
over skin which acts to hold in the internals).  
 
Image 7: The concept of layering functionalities: The brain, nervous system, epidermis 
and dermis. 
 
5.4 Ether Beat 
Biosignals, apparel, artefacts and remote empathy 
 
The prosthesis is conceived as new kind of skin - a mediating dermis between 
the interiority of the body and the exteriority of the surrounding world. It is 
not a garment, neither is it a wearable computer. Rather, it straddles the 
divide between body, garment, and technology. It is neither public nor private 
but may be thought of more as an interface between the closed classical body 
and the open space of beyond. It allows for the registration of the physical 
body – which is grounded in the space-time of the present – to transcend 
unitary space and inhabit multiple spaces. The result is a collapsing of space 
– a contraction of distance – a sucking in of separation. 
 
This section introduces the Ether Beat collection of garments and artefacts: 
Under Beat, Ether Beat, Ether Scarf and the Hand Hearts. These projects 
are central to the research and have been in development and testing since 
June 2004. The prototypes address the central issue within the research – 
the development of empathy between those who do not share physical 
space. They facilitate this empathetic connection through the real-time 
transference of heartbeat. The underlying motivation for developing the 
prototypes is to question whether their usage will encourage non-conscious 
physiological empathy and conscious empathy. 
As established in the theoretical section of this thesis, it is clear that 
empathy is not a purely emotional experience but has strong roots in the 
chemical processes of the body and brain. Referring to Depraz’ coexistent 
stages of empathy the aims of the project can be clarified. Depraz20 
suggests that there are four stages of empathy: firstly, the passive 
association of my lived body with the lived body of another; secondly, the 
imaginative transposal of myself to the place of another; thirdly, the 
interpretation or understanding of myself as another for you; and finally, 
ethical responsibility for another. Within the Ether Beat project the 
motivation for using ECG as an embodied communication language is to 
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elicit the first type of empathy: the passive association of two people. The 
notion is that this embodied reception of information might be registered at 
an implicit non-verbal level.21 The conscious experience of empathy is 
focused more directly towards Depraz’ second stage of empathy. That is, 
the real time transmission of heartbeat might encourage the imaginative 
transposal to the place of another. Thus, the garments and artefacts aim to 
develop both an implicit physiological link, and a conscious connection 
between users. Consequently the user testing scenarios are designed to 
capture information about the conscious and the non-conscious impacts of 
the technologies on participants. 
 
Image 8: Early conceptual sketch for the Ether Beat project 
 
The Ether Beat projects are a distillation of design concepts initially 
investigated through the Empathy Vest. Through a process of reduction I 
decided to focus on the singular biosignal of heartbeat. Initially the 
garments aimed to investigate a range of signals including breath, heartbeat 
and skin conductance. Through distilling the essence of the project this 
minimises confusion with sensory interpretation and heightens the poetic 
qualities of the project. 
 
The heart is a highly charged icon in most cultures. In contemporary 
Western thought the head is regarded as the home of intellect and the heart 
as the domain of emotion, their diametric opposition reinforced by a 
plethora of sayings and clichés. Whilst a seemingly omnipresent concept 
this view of intellect being located in the head is not shared by all. In the 
Koran the heart is used as a synonym for knowledge whilst the Wuitoto 
tribe from southern Colombia use the same word for chest, heart, memory, 
and thought.22 McCraty et. al.,23 suggest that the heart generates the 
strongest electromagnetic field of any part of the body. Through the use of 
sensitive electrostatic detection devices this field can be measured up to a 
metre from the body. A series of experiments, led by McCraty, determined 
that cardiac electricity was registered in the brainwaves of proximate 
others, particularly when people were touching. The notion of extending 
this zone of active current beyond the immediate radius of the body 
underscores the following investigations. Within this research heartbeat – 
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usually a private internal signal - is externalised and used as an active 
communication modality.  
 
5.5 The Ether Beat garments 
Developing a profound sense of connection through biosignal exchange 
 
“A garment protects like a tool; from the perspective of the corporal being; it 
modifies the body’s appearance, even its structure.”24 
 
Ether Beat encompasses a range of compatible garments that sense, 
process, transmit and receive the heartbeat wavelength (ECG). The 
collection is made up of two sets of garments. Each set comprises: a singlet 
(Under Beat) that houses the ECG electrodes and which connects to either 
of the outer garments: Ether Scarf, a scarf, or Ether Beat, a blouse. The 
under garments are enabled with ECG sensors while the outer garments 
house signal processing equipment, small vibration motors, and radio 
transceivers. The sensation provided by the garments is of wearing the 
heartbeat of your remote friend/lover/relative as vibration through your 
garment.  
 
Image 9: Diagram of Ether Beat inputs and outputs. 
 
The garments utilise simple technologies, which have been ‘rejigged’ to 
suit the prototype, combined with specifically designed processing 
equipment. From a design perspective, the challenge has been to utilise the 
structure of the requisite technologies to inform the development of the 
apparel, rather than retrofitting an existing garment. In this foregrounding 
of the physical properties of technology, including the structural boning 
capabilities of wiring and the weight of the vibration motors, new 
opportunities for garment design arise. Thus, they have been drafted from 
the initial stages using traditional construction techniques in non-traditional 
ways to accommodate electronic pathways, processing equipment, and 
battery power. They are informed by research within fashion, 
technologically advanced apparel, and wearable electronics yet seek to fuse 
these issues together in new ways. Whilst there is considerable research 
seeking to sense biosignals for military, sport and health purposes, there are 
relatively few projects using this information to encourage emotional 
linkage.  
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The prototypes aim to enrich the remote communications experience 
through reintroducing an embodied, tactile dimension that is present in 
face-to-face communication. They do not purport to replicate the 
complexity of the myriad channels at work in spatially co-present 
interaction but rather to introduce an element of peripheral awareness into 
the communications mix.  
 
 
 
Image 10: Under Beat; Under Beat with Ether Scarf; Ether Beat 
 
5.5.1 Development and prototyping - Under Beat 
This garment is a light stretchy singlet housing ECG electrodes that is worn 
under either of the Ether Beat outer garments. Within the garment the two 
active electrodes are located to the left and the right of the sternum while 
the ground electrode connects at the bony part of the upper chest.25 The 
garment is designed from a light-weight two-way sheer stretch material 
that allows for maximum user comfort. The design incorporates a number 
of channels on the front and back that carry the wiring for the electrodes. In 
the garment construction process ‘jets’26 are sewn into the three key 
electrode locations to allow the connectors to emerge from the garment and 
clip onto disposable adhesive electrodes. The other end of the wiring is 
released to the exterior of the garment to connect to the wearable ECG 
monitor. The wiring is easily removed from the garment for washability. 
Future design refinements will include investigating methods for 
integrating the sensor technologies into the structure of the garments.  
 
Image 11: Under Beat Garment Pattern Diagram. 1. Electrode Connectors to attach to the 
Ether Beat outer garment; 2. Electrode Wiring; 3.Channels for carrying wiring 
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5.5.2 The Ether Beat outer garments: Ether Beat + Ether Scarf 
The Ether Beat outer garments are essentially the ‘brain’ and ‘heart’ of the 
system. The garments house signal processing equipment, radio 
transceivers and small vibration motors. The electrical current detected by 
electrodes in the Under Beat garment is processed and converted into a 
square wave signal by equipment housed in the Ether Beat outer garment, 
and transmitted via FM radio wave to the partner device. When the 
waveform is received by the remote garment it is amplified and used to 
pulse the four 6 volt vibration motors situated over the left chest, 
simulating the remote heartbeat. Whilst only using an inexpensive wireless 
transmitter and receiver, initial tests have demonstrated the devices 
working up to a distance of 25 metres, in an electrically noisy environment. 
Beyond this distance the identifiable heart pulsation through the garment 
begins to weaken. Future prototypes will utilise Bluetooth or similar 
technology to allow for a more remote 2-way transmission to occur.  
 
 
 
Image 12: Ether Beat Garment  
1. 6 volt vibration motors; 2. Wiring; 3. PCB carrying battery, RF (radio frequency) 
transceiver, signal processing equipment, 9 volt battery. Note: ECG monitor not shown. 
 
Ether Scarf incorporates the same technologies into a scarf, allowing users 
of all proportions to utilise the prototype. The design aim of the Ether Beat 
and Ether Scarf garments is to create garments that derive their structural 
stability from the electronics that they house. The use of highly transparent 
silk organza consciously juxtaposes the materiality and the functionality of 
the garments. In this way the projects suggest the potential for articles of 
clothing that are both aesthetically engaging and imbued with 
communications functionality. The materiality actively questions the idea 
that the success of an electronic garment be contingent solely on technical 
issues, wearability, washability and cost. Whilst hygiene and washability 
issues are paramount in the fields of medicine, sport and defence, they are 
less pressing in reference to a silk blouse. One simply removes the 
electronics from the garment and has the blouse or scarf dry cleaned. Thus, 
the projects situate themselves between art, technology and design and aim 
to raise questions about futuristic ephemeral ways of connecting with 
others. 
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I developed the garments in collaboration with a fashion designer, Ricarda 
Bigolin. We utilised traditional pattern making and construction techniques 
in connection with 3D modelling processes. My role as a designer in this 
process became paramount as I was the connector between those with the 
garment construction know-how and the biosignal processing specialists. 
This model of collaboration necessitated a solid understanding of the 
desired outcomes of the project and a functional knowledge of all 
disciplines.  
 
 
 
Image 13: Ether Scarf garment construction process. 
 
5.6 The Hand Hearts 
Developing handheld emotional communication devices 
The Hand Hearts were designed between July and October 2005. They 
were developed to receive the ECG signal being detected and transmitted 
through the Ether Beat garments. The hearts use similar technologies to the 
garments but incorporate them into handheld devices. The devices are resin 
cast hearts – derived from an anatomical model, that are fitted with small 
motors which vibrate with the received impulse. The hearts allow multiple 
users to interact simultaneously with a transmitted heartbeat. 
Philosophically, they are designed to question how such devices might 
impact upon remote interpersonal understanding and the emergence of new 
group ecologies. The hearts were also created to ascertain the variation in 
user reactions between receiving the heartbeat through a handheld (Hand 
Heart) or a wearable (Ether Beat) device. It was hypothesised that a 
handheld would have a different type of impact to an embodied 
application. 
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Image 14: Diagram depicting the relationship between Ether Beat and the Hand Hearts 
 
The Hand Hearts were developed from a two part 1:1 scale anatomical 
model of a human heart. This was used as the basis for creating a four-part 
silicone mould. Polyester resin was chosen as a material due to its 
translucence and cost. However, future prototypes will experiment with 
more complex resins, attempting the creation of ‘squishy hearts’ to assess 
how changes in tactility may alter user perceptions. 
 
 
 
Image 15: Creation of the mould for the lower section of the heart; The four part silicon 
mould and two finalised hearts; close up of interior of a heart with six volt vibration 
motors visible. 
 
5.7 User testing 
Ether Beat and Hand Hearts  
Background  
User testing of the prototypes took several different forms and ran over a 
number of months between November 2005 and January 2006. Testing 
aimed to assess the impact of the projects at a conscious and a non-
conscious level. The conscious experience was evaluated through 
qualitative assessment, primarily written responses. Non-conscious 
physiological reactions were evaluated through ECG readings taken 
throughout user-testing periods. This data has been processed using HRV27 
(heart rate variability) analysis software, running on MatLab28 for 
Windows. The initial round of testing for the Hand Hearts utilised a 
situated methodology located in a gallery setting. Subsequent testing was 
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conducted in laboratory conditions. Both handheld and wearable devices 
were tested in quantitative and qualitative ways to allow for direct 
comparison of results. The user testing addresses the following hypothesis: 
 
Experiencing another’s heartbeat, as vibration through one’s garment or 
handheld will effect a change at a conscious and a non-conscious 
physiological level.  
 
5.7.1 Hand Heart – Public access interaction 
Elastic Field exhibition environment   
Methodological Framing  
The first round of user testing for the Hand Hearts took place at my solo 
exhibition Elastic Field held in October – November 2005.29 The public 
were invited to hold the active Hand Heart and record their feelings about 
the experience on the small cards pictured below. They were informed that 
the prototype was vibrating in response to a heartbeat being synthetically 
generated by an ECG machine located on the opposite wall of the gallery.  
 
Sample Group 
The sample group for the initial situated testing scenario (gallery) consisted 
of members of the art-going public. Many users interacted with the 
prototype and a proportion of these wrote comments about their 
experiences on small cards located next to the prototype. 
 
 
 
Image 16: User feedback cards from phase one user testing at Elastic Field exhibition. 
 
Findings 
Users were encouraged to record their reactions to interacting with the 
prototype. As a result the responses are very broad, some referring to 
connecting with a greater whole while others focus on technical details. 
While users were informed that the heartbeat was being synthetically 
generated a large proportion responded to the artefact in an emotional way. 
The responses raise interesting issues of imagination – the artefact often 
triggering past memories. Andersen et.al.30 suggest that objects are an 
extraordinarily powerful vessel for presence that users invest with 
emotional and symbolic meaning. This was certainly reinforced by the 
number of emotive and reminiscent user responses. The responses roughly 
fell into five categories: tactile memory cues, looking outwards, looking 
inwards, affective, and technical responses.  
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Image 17: Diagram of the West Space testing environment depicting location of ECG 
generator and Hand Hearts. 
 
Group 1: Tactile Memory Cues 
Within these responses users were reminiscent of childhood memories. 
The memories recollected were highly tactile in nature and were possibly 
evoked by the scale of the artefact and the position required to hold it, 
similar to how one might hold a small animal. 
 
“It feels like when I held my first cat. It was so little it sat in the palm 
of my hand. I could feel its heartbeat. This was when I was in grade 6. 
The kitten was 3 weeks old - born under my grandparents house by a 
stray.” 
 
“Smoothly took me back to a symbolic memory of freeing a sparrow 
from our chicken fence – holding the bird longer than necessary. A 
memory of feeling for one of the first times the difference and magic of 
living beings.” 
 
Group 2: Looking outwards 
Within this group of responses the users relayed a sense of looking 
outward, beyond the self.  
 
“Quite an unusual experience. Makes one understand the connecting 
thread between us all and the fragility of the thing keeping us alive in 
this world” 
 
“Whilst holding the beating heart, I felt less focused on my own 
heartbeat, but aware of my hands sweating and my level of mild 
anxiety, and having to sit with that. Very inspiring.” 
 
Group 3: Looking inwards 
The third group of user reactions are concerned with introspection. These 
are particularly interesting as they suggest that through interaction with the 
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technology, which is designed to encourage interpersonal connection, the 
user’s attention is turned inwards, to the intrapersonal.31  
 
“Held in the palm, close to my wrist – bizarre, queezy feeling of 
recognition of self” 
 
“I thought it was my own heartbeat...at first and it made me a bit 
stressed - I think I actually picked up (speed) and tried to match it.” 
 
Group 4: Affective responses 
This group of responses reflected purely on the intensely emotionally 
impact that the interaction inspired. They are interesting as they bring up 
the recurrent issue of symbolism. Irrespective of the solid material 
qualities of the prototype and the knowledge that the heartbeat was 
synthetically generated the emotions elicited are quite powerful. 
 
“I was quite surprised how much of an effect the heart has when held - 
a little disturbing.” 
 
“It was quite an extreme sensation…that you’re holding a heart in 
your hands…and you kind of feel a bit emotional somehow…quite 
powerful…a bit overwhelming.” 
 
Group 5: Mechanical and technical responses / future potential 
The last group of responses focused on the technical aspects of the work. 
Several reflect on the physical intensity of the experience while others 
bring up the bionic nature of the heart. 
 
“The mechanical ticking is actually quite nice too – in 
addition/contrast to the romantic notion of ‘the heart’” 
 
“Clockwork or bionic themes also come to mind.” 
 
“Amazed how strong the beat is when you hold the heart - considering 
how thick and hard the case is and how small the little units and 
vibrators are and they raise a little percussive storm when they beat 
away.” 
 
Reflections 
The outcomes of this situated user testing have been much more fruitful 
than expected. The issue of symbolism in relation to artefact design is 
interesting to consider and future studies will seek to cross reference these 
findings against those of non-symbolic objects imbued with the same 
functionalities. This may assess the extent to which the responses are 
advanced by the symbolic nature of the heart. 
 
5.7.2 Quantitative testing - Laboratory Conditions 
Hand Hearts and Ether Beat Garments 
Methodological Framing  
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This round of user testing for the Hand Hearts and Ether Beat garments 
was undertaken in the Spatial Information Architecture Laboratory over the 
space of four weekends. The aim of this phase was to establish whether 
interaction with the Ether Beat garments and Hand Hearts would cause a 
physiological change in users. The studies hoped to demonstrate that by 
communicating in a non-conscious way through the agency of the garments 
and artefacts, a change in the user’s ECG readings would be registered. 
The second aim of the study was to determine what, if any, difference there 
would be between the reception of the heartbeat through an embodied 
application as opposed to a handheld device.  
 
Sample group 
This testing scenario involved a sample group of five healthy people in 
their early thirties.   
 
 
 
Image 18: User B transmitting heartbeat to User A; Users A and B discussing the 
experience of taking part in the study, User A is holding her own heartbeat at this stage. 
User A receiving the real-time heartbeat of user B. 
 
Technologies and terminologies utilised for trial 
1. Enabled Prototype: either Hand Heart or Garment. Each of these 
is attached to the receiving device. 
2. Receiving device: this is a signal processing unit which converts 
the received audio signal to a square wave, amplifies it and uses this 
current to pulse the vibration motors in the prototype. 
3. Wireless FM transmitter. This transmits the heartbeat as an audio 
signal to the receiver module which is attached to the processing 
unit.  
4. Wireless FM receiver. This receives the audio signal from the 
transmitter. This signal is fed into the receiving device where it is 
processed. 
5. Wearable ECG monitor. This senses the ECG and transmits it as 
an audio signal via wireless FM radio transmitter to the receiver 
unit. This ECG monitor is designed to be attached to the Under 
Beat garment.  
6. Portable ECG machine. This machine has multiple input channels 
allowing for real-time recording of users heartbeats. Readings were 
recorded from this device then later output as ASCII files, to be 
processed using HRV32 analysis software run on Matlab33 for 
Windows. 
7. Sender: the person whose heartbeat is being sensed and transmitted 
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8. Receiver: the person who is receiving the heartbeat and feeling the 
pulse as vibration through the enabled prototype. 
9. Tuning in (Tuned in): This refers to sensing a clear heartbeat 
signal through the enabled prototype. 
10. Resting period: This is the time between each active session which 
allows the heart to return to its usual pattern. During these periods 
the technology is turned off or removed from the user. 
11. Control sessions: this is the period of 60 seconds of ECG recording 
at the beginning and the end of each study where the users are not 
interacting with the prototypes. 
12. Active sessions: These are the periods of ECG recording where the 
users are either transmitting or receiving the wavelength. These are 
in the order of 120 seconds each and are broken up by a resting 
period. 
   
 
 
Image 19: Diagram demonstrating Ether Beat project schematics. 
 
User Testing Experiment Design 
Following is a general explanation of the experiment design which applied 
across all five quantitative studies.  
 
The users were separated by a curtain though located in the same room. 
This accommodated the lengths of wiring required to connect them 
simultaneously to the portable ECG machine. Each user was connected to 
the portable ECG machine via three ECG electrodes which generated real-
time displays of the two heartbeats. The sender was attached to a wearable 
ECG monitor that sensed the heartbeat and output it as an audio signal 
which was transmitted via the wireless FM transmitter.  
 
The participants were allowed a ten minute settling in period after which 
the heartbeat of the sender was tuned in. This process takes some time as 
the gain and volume on the wearable ECG monitor needs to be readjusted 
each time a new user is connected. Once the sender is tuned in and their 
heartbeat is being received by the receiving device a control session is 
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conducted. After this 60 second period the receiver is given the enabled 
prototype to hold (heart) or put on (garment). The users are given a few 
minutes to get used to the new sensations they are experiencing. The ECG 
frequencies are then recorded by the portable ECG machine for the first 
active session. The technology is disabled for a number of minutes between 
tests for the resting period. After this time the users are reconnected and 
another active session is conducted, followed by a rest period, and a final 
control session. This process was repeated for five sessions over a period 
of four weekends. Data from four of these sessions has been analysed and 
the results reflected on below.34  
 
5.7.3 Data analysis techniques 
This phase of testing was undertaken in collaboration with an expert in the 
field of biosignal testing. Whilst the results of the testing can be examined 
in highly technical ways, this investigation will attempt to locate general 
trends that suggest physiological responses to the prototypes under review. 
Thus technical explanations will be kept to a minimum as this is not my 
field of expertise. Further, detection of emotions from somatic states is a 
highly contested area of research that requires extensive testing and 
specific knowledge.35 The physiological component of this research will 
seek to detect changes consistent with the use of the prototypes but will not 
attempt to distinguish particular emotional states.  
 
Background to the processing 
The raw data was analysed using free-access Heart Rate Variability (HRV) 
software developed by Niskenen et. al.,36 run on Matlab37 for Windows.  
HRV basically measures the variations between successive heartbeats. The 
smaller the deviation in the RR intervals (distance between each ‘beat’) the 
lower the HRV figure. Heart rate activity is controlled by the Autonomic 
nervous system (ANS) which regulates involuntary organ function. The 
ANS is broken into the sympathetic nervous system, which causes heart 
rate to increase and the parasympathetic nervous system, which causes 
heart rate to decrease. Rainville et. al. suggest that “rapid changes in heart 
rate are mediated by parasympathetic activity while slow changes can 
result from either sympathetic or parasympathetic activity.”38  
 
For the purposes of this investigation the following four readings will be 
assessed:39  
 
1. Frequency Ratio: Low Frequency/High Frequency (LF/HF)  
As mentioned above, frequency analysis is a contested area of research.  
However, there are certain accepted paradigms in biosignal analysis.  The 
high frequency (HF) element of a signal is well documented as being 
mediated by the sympathetic nervous system (which accelerates the heart 
rate) but in regard to the low frequency (LF) research is less conclusive and 
on the whole it is thought to be mediated by both the sympathetic and the 
parasympathetic nervous systems. Activation of the sympathetic nervous 
system causes heart rate to increase while the parasympathetic system 
causes the overall heart rate to decrease. In terms of using the LF/HF ratio 
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as a measure of how the prototypes are impacting upon users there are a 
number of approaches that can be adopted. The following model is referred 
to in this analysis:  
 
 
 
Image 20: Frequency ratio analysis diagram 
 
In the results I am looking to detect defined changes in the LF/HF ratio. If 
synchronous changes occur during the testing period (i.e. rising and falling 
consistently) this might suggest some impact level of physiological 
empathy occurring. For the purposes of this research the LF/HF ratios will 
be assessed to detect distinct changes in parallel with receiving or 
transmitting heartbeat.   
 
2. Welch’s Periodogram – change in Power Spectral Density  
This data mapping graphs power spectral density (PSD) against frequency 
(Hz). It also demonstrates the origin of the LF/HF ratio. This mapping is 
derived from the HRV (RR interval in the time domain) to calculate PSD in 
the frequency domain. My research hopes to identify a distinct change in 
the scale of the PSD which suggests an increase in the intensity of the 
signals.  
 
 
 
Image 21: Welch’s Periodogram  
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3. RR interval rate 
The RR is the distance between two consecutive R waves of the ECG 
signal. The RR figure is measured per second. If it increases this 
corresponds with the Mean HR/minute decreasing, denoting there are 
longer time segments between each peak. If the RR rate decreases this 
denotes that the Mean HR/minute is increasing – that there are shorter 
breaks between each beat. Using RR as an indicator of prototype 
effectiveness may suggest whether the two individuals’ Mean HR/minute 
are changing in a parallel way.  
 
 
 
Image 22: Diagram depicting the RR interval. 
 
4. Mean Heart Rate (HR) /minute 
This is the average number of beats per minute. A shift in Mean HR in line 
with the other user’s HR may suggest a level of physiological impact 
through the use of the prototypes. The ultimate goal with regard to this 
would be to observe an emergent syncopation between the two users. 
 
5.7.4 User testing results 
 
Experiment 1: Hand Heart testing 
Please refer to Appendix 3.1 for the data referred to in this analysis. 
 
Background: User B receives a heartbeat that she thinks belongs to user A, 
but is actually a synthetically generated heartbeat. In the first active session 
the ECG generator is set to HR 90, then reduced to HR 60 in the second 
active session. This study is interesting as it allows for observation of the 
impact of a regular heartbeat, unfettered by human physiology.  
 
Results: 
LF/ HF ratio: In the LF/HF ratio of User B, the active participant, there is 
an identifiable surge when she was first introduced to the Hand Heart. The 
figure, which was 0.527 in its resting state increases to 0.825 in the first 
active session, when the synthetically generated beat is set to a very high 
90bpm. When the synthetic beat is reduced to 60bpm the User’s LF/HF 
ratio also drops to 0.265. During the subsequent resting period the LF/HF 
ratio remains relatively constant at 0.251. This conspicuous surge suggests 
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that the impact of interacting with the artefact has registered at a 
physiological level. This impact may be physical surprise or the ‘startle 
effect’ which is intimated by the rapid return to a lower ratio level.  
 
Change in PSD amplitude: Referring to the four Welch Periodogram 
mappings for User B it is possible to appreciate a significant change in the 
amplitude of the two central recordings, in contrast to the control sessions. 
Note the scale change on the PSD axis of the graphs, which changes 
automatically during data processing to allow for the relevant information 
to be visible to the eye. The scale of the tallest peak in the first table of 
User B (control session, 60 seconds, no stimulus) is around 6, which at 10-4 
is actually 0.0006.40 The next window demonstrates the same mapping 
while the User is holding the Hand Heart. The amplitude of the tallest peak 
is now 0.015, significantly more powerful than the control session. This 
pattern is repeated in the second active session where the tallest peak is 
around 0.035. In the final window, depicting the control session after the 
testing is complete, the amplitude has returned to 1.5 at 10-3 or 0.0015. 
 
Mean HR and RR Interval rate: In this session of testing the active user’s 
HR increases from 60.22 in the first control session to 62.38 in the first 
active session. In the second active session her HR is relatively constant at 
62.04. After the apparatus  has been withdrawn the HR drops significantly 
to 54.04. This pattern is naturally reflected in the RR intervals which start 
at 1.161, then reduce during active testing to 1.083 and 1.089, then 
significantly increase to 1.254 when again resting. 
 
Experiment 2: Hand Heart testing 
Please refer to Appendix 3.2 for the data referred to in this analysis. 
 
Background: User B receives the real-time heartbeat of User C. This set of 
results establish a new pattern to the previous test and raise issues of user 
learning and adaptation. User B had been involved in the first set of tests, 
one week prior to this session. The results of particularly her HR and RR in 
this session drop rather than increase. The LF/HF ratio again significantly 
rises when she first encounters the apparatus.  
 
Results: 
LF/HF ratio: The LF/HF ratio has a similar initial pattern to the previous 
study whereby the ratio increases when the user first interacts with the 
prototype. In the final control session however there is a sharp rise in the 
LF/HF ratio. The figures are: control session 0.198; active session 0.829; 
active session 0.494; and control session 0.726.  
 
Change in PSD amplitude: This pattern also mimics the previous round of 
testing with the active sessions recording significantly higher PSD 
amplitudes than the control sessions. 
 
Mean HR and RR Interval rate: This session is similar to the previous 
session in that HR increases with the first active session then decreases. 
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The figures are: control session 66.94; active session 69.52; active session 
53.98; control session 45.88. 
 
Experiment 3: Garment testing 
Please refer to Appendix 3.3 for the data referred to in this analysis. 
 
Background: User E receives the real-time heartbeat of User D.  
 
Results: 
LF/HF ratio: This session of testing establishes a new pattern whereby the 
ratio is high to start then gets reduces in the active sessions. The final 
control session is comparatively low. The figures are: control session 
0.524; active session 0.412; active session 0.414; control session 0.254 
 
Change in PSD amplitude: As per previous findings, there is a noticeable 
increase in amplitude during active sessions. 
 
Mean HR and RR Interval rate: the HR and RR intervals followed the 
initial findings that the Mean HR increases within the initial active session 
then steadily decreases. The Mean HR figures are: control session 65.52; 
active session 67.48; active session 59.06; control session 56.74. 
 
Experiment 4: Garment testing 
Please refer to Appendix 3.4 for the data referred to in this analysis. 
Background: User A receives the real-time heartbeat of User D.  
 
Results: 
LF/HF ratio: the LF/HF ratio pattern for receiver in this session is very 
unusual. The figures are control session 0.671; active session 0.515; active 
session 0.935; and control session 0.302. Thus, the surge occurs in the 
second active session then decreases significantly. 
 
Change in PSD amplitude: as per previous findings, there is a noticeable 
increase in amplitude during active sessions. 
 
Mean HR and RR Interval rate: the Mean HR findings are as per previous 
models with a significant rise in the first active session followed by a 
steady decrease. The Mean HR values are: control session 53.06; active 
session 63.59; active session 55.44; control session 45.02. 
 
 
Reflections 
Within the quantitative analysis there are some suggestive data trends. 
Firstly, in all four cases the Mean HR followed the pattern of increasing 
when the user first interacted with the prototype then decreasing in 
subsequent sessions. In all cases the receiver’s Mean HR was lower in the 
final control session than in the original session. The Welch’s Periodogram 
demonstrated a significant increase in amplitude during all active sessions. 
The patterns in the LF/HF ratio figures are less recurrent. The initial two 
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sessions demonstrate a noticeable surge when the user first interacted with 
the apparatus. However, the experiments which tested the garments 
demonstrate different outcomes with experiment three providing a gradual 
decline in the ratio figure. Experiment four declines in the first two 
sessions then has a large surge in the second active session. This 
corresponds with a notable increase in the LF/HF ratio of the transmitter. 
  
5.7.5 Qualitative testing - Laboratory Conditions 
Hand Hearts and Ether Beat Garments 
Methodological Framing  
The earlier qualitative studies involved users interacting with the 
technologies for very short periods of time. This experiment was designed 
to establish responses to the prototypes over longer time periods. In this 
way, the novelty factor of interacting with the prototypes might dissipate 
and allow users to relax into the rhythm of the received heartbeat. 
 
Sample group 
This was a small sample group of only four participants.  
 
Findings 
The following are transcripts of the user responses after interacting with the 
prototypes for ten minutes each. 
 
User 1  
User one was receiving the real-time heartbeat of a close friend through 
their garment. After ten minutes of real-time receiving she wrote the 
following: 
 
Sleepy, anxious in parts at feeling the heartbeat. Kind of lulls you into 
deeper recesses of your mind, not really flashes, you don’t always 
realise what you are thinking and are then drawn back to the heartbeat 
and there is a buzzing feeling of anxiety before lulling you again into a 
kind of sleepy state. Remember childhood moments of laying on my 
father’s chest, next to lovers. A warmth but more overwhelming 
anxiousness. 
 
User 2 
User two was receiving the real-time heartbeat of a close friend through 
their garment. After ten minutes of receiving she wrote the following:  
 
Feeling the heartbeat made me think that my heart was fluttering. It 
feels a bit like it is your own beat, when you are nervous or scared. 
There is something about the beat rising to the outside of your chest 
when you are frightened or excited that this seems to emulate. Or when 
you have a twitch and your heartbeat has travelled from your chest 
cavity to your eyelid. After a while you get used to the fluttering and 
the imaginative possibilities of what’s happening start to open up. I 
started to think about the other person then. 
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User 3 
User three was receiving the real-time heartbeat of their close friend 
through a Hand Heart. After ten minutes of real-time receiving she wrote 
the following: 
 
The heartbeat I was 'holding' was that of one of my best friend’s, a 
woman known for her calm steady positivity. As I closed my eyes 
holding her 'heart' in my hands I felt very safe and sleepy. Almost 
hypnotised! Simply knowing I was connected to her heart and therefore 
connected to her calmness felt very soothing and gentle. It was a bit 
like having an aromatherapy massage; nurturing, calming, and 
relaxing. I could have sat there for hours!  
 
User 4 
User four was a transmitter in this experiment, connected to a close friend 
who was receiving her heartbeat through the Hand Heart. After ten 
minutes of transmission she wrote the following:  
 
I was set up as a transmitter - with my heartbeat being fed through into 
the heart which was being held out of my sight. I experienced an 
intense feeling of connectedness - knowing that I was plugged in and 
someone else was physically interacting with me. It was similar to 
when I was on Skype with family in the UK from Australia, the video 
connection worked but not the sound - we could see one another and 
simply gesture. Without being able to speak, I was left with an 
emotional connection that was very strong, but with limited ability to 
communicate in a traditional way. And so it was transmitting to 
another person via my heartbeat - a very strong emotional connection - 
I was aware that my state would be reflected through the heartbeat, so 
was consciously trying to relax and be calm to pass that state on. The 
only way to communicate was with that physical transmission of my 
core sign of life - my heartbeat. It was an intense experience – 
heightened by the fact that when I saw the heart, it really resembled 
the organ itself, the colours, the texture were all vital. Combining that 
strong visual representation with the physical heartbeat was powerful. 
 
Reflections 
This phase of user testing raised several interesting issues. With regard to 
user one the sense of nervousness regarding the audio aspects of the 
heartbeat highlighted the necessity to acoustically isolate the receiver. User 
two raises interesting issues of introspection, similar to those in the public 
gallery context. Such an issue bears further investigation as this 
intrapersonal reflection may be significant for encouraging interpersonal 
empathy. User three attributes value to the experience based on the person 
from whom the data is being received. This raises the issue that empathy, 
by Depraz’ definition is the imaginative transposal to the place of another 
suggesting a level of conscious awareness inherent in the exchange. The 
final response, from a transmitter of heartbeat raises the concept of 
conscious biosignal control. Through reframing biosignals as active 
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communications modalities the act of control becomes eminent – how does 
one control one’s heartbeat to transmit the appropriate message? 
 
5.8 Testing reflections 
The user testing process has been highly illuminating to ascertain the way 
that individuals react to the prototypes on a physiological and an emotional 
level. Following are a range of improvements that might enrich the results 
of future testing scenarios: 
 
Larger sample group 
Larger sample groups are required to cross reference the data generated 
through the user trials. While the research outcomes suggest that users are 
affected at a physiological level by the use of the prototypes these trials 
have not been repeated and verified. Larger sample group studies would 
also allow for cross-referencing of results from garment and heart studies.  
 
Longer trials 
To establish the effectiveness of the prototypes as peripheral awareness 
media it would be advantageous to test them for longer periods of time. 
This would allow users to move through the initial novelty phase of 
interacting with the apparatuses.  
 
User studies as central to the development of future processes 
The findings from this round of development and testing could be 
incorporated into the development of a new range of artefacts. This 
subsequent range of products would be motivated from the outset through 
user studies rather than the current model which has been to research, 
develop, and then test. 
 
EEG testing 
In line with the findings of McCraty et al it would be interesting to conduct 
the experiments again testing users’ EEG readings when interacting with 
the prototypes. Whilst it is difficult to unequivocally demonstrate the 
impact of one user’s ECG on another’s this change may be registered more 
clearly in EEG readings. 
 
Signal processing 
Future studies will investigate alternate modes for signal processing. 
Throughout these studies one mode of processing was employed. With the 
experience gained from this series of studies future research will 
investigate a wider variety of ways to deal with and analyse the data 
recorded from the users. 
 
Situated testing 
The prototypes require testing in a truly remote situation. This will 
necessitate different technological solutions be investigated. Further to 
more extensive testing with the interested public it would be desirable to 
pursue a number of user testing scenarios in which an implicit form of 
empathy would be emotionally advantageous. Such situations might be: 
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between autistic children and their parents, between separated family 
members, between elderly people and their families, and most ambitiously, 
between astronauts and their earth-bound loved ones. 
 
Symbolic artefacts 
Working with direct representations of the human heart, as with the Hand 
Heart, brings to light issues of attribution of symbolism to specific objects. 
Future studies could incorporate further research into these issues, 
attempting to ascertain the extent to which such symbolism impacts on user 
perceptions and subsequent reactions. 
 
 
This chapter describes the prototypes that have been developed as a core 
component of my research. The creation of prototypes has raised many 
issues, above and beyond theoretical concerns. Such issues include the 
complexities in bridging theory and practice; the critical role of 
collaboration in developing multidisciplinary projects; the importance of 
design, in tandem with usability and functionality, in the development of 
wearable electronics; and the need for adequate user testing models to 
assess the success of wearable projects. The user testing has provided 
sufficient data for considering the effectiveness of the projects. The initial 
testing session generated interesting feedback with many responses 
indicating strong emotional reactions to the work. The second set of user 
trials, which measured the ECG signals of users while interacting with the 
prototypes, suggested certain emergent patterns in the physiological 
responses of participants. The final phase of user testing was illuminating 
as it allowed participants to interact with the prototypes for longer periods 
of time prior to recording their responses. In order to provide enough 
information for greater generalisation of results, future tests would benefit 
from having larger sample groups, longer trials, and possibly investigation 
of different methods of signal processing. 
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Discussion and Conclusions 
 
This chapter reflects on the four of the primary topics of the research, 
both practical and theoretical:  
- augmented forms of communication 
- plasticity in perception and its relation to embodied 
consciousness 
- empathy as a primary means for engagement in the world 
- socio-technical agency and the extended mind. 
 
Augmented forms of communication  
Biosignal, synthetic and augmented sensing 
The case of my research has been to pursue innovative means to connect 
people in the world. To a greater or lesser extent this goal pervades all 
the chapters, addressed from different viewpoints. Within the first 
chapter alternative modalities for connecting were central, particularly 
with regard to peripheral awareness media. Implicit understanding is 
critical for effective collocated communication, facilitating a profound 
sense of connection between individuals. However, this is relatively 
unexplored with regard to remote communication technologies. The 
mechanisms through which implicit awareness is achieved range from 
mirror neuron architectures to human mind-reading capacities. 
Fundamentally we are able to participate in powerful collocated 
communication through the agency of empathy. This allows us to intuit 
the actions, feelings and emotions of other people, as if from their 
viewpoint. The concept of exchanging places with others is the 
foundation for powerful presence works and my motivation for 
developing the prototypes discussed in chapter five. 
 
Depraz’ second stage of empathy: the imaginative transposal to the 
place of another is made possible in a remote context through reviewing 
the way we communicate, and the mechanisms through which we 
communicate. Repositioning the emphasis in remote communication 
technology from network bandwidth, resolution, and speed of transfer, 
to action at a distance promotes new technologies that will allow us to 
connect physically despite bodily absence. Several mechanisms through 
which this connection is possible have been discussed in my research. 
Some of these are my own projects while others are precedents from 
other sources. The mechanism of central importance in my research is 
biosignal sensing and transmission. Biosignals are the vital signs that 
communicate to us the wellbeing of our physical state. Heartbeat is our 
first acoustic experience mediated by amniotic fluid while still in the 
womb. Whether this stimulus is palpable through our aural capacities is 
contentious yet the vibrations of the heartbeat must certainly be 
registered at some cellular level. Conducting an internet search with the 
parameters vibration, heartbeat, and baby returns a large range of 
products developed to help new babies sleep through mimicking the 
vibration of heartbeat.  
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Through reframing biosignals from internal private processes to active 
communications media the potential for remote empathy increases. One 
precedent for direct biosignal interaction is Kevin Warwick’s nervous 
system to nervous system communication cited in chapter two. 
Biosignals were also a critical factor in the Brainball project, discussed 
in chapter five, which reinforced the potential for direct interaction with 
the world through the agency of brainwaves. HAL-5 also engaged the 
emergent issue of the body-technology hybrid as it directly intercepted 
nerve signals and output this information to generate action. Thus, the 
exoskeleton pre-empted the traditional body of flesh and bones through 
transducing nervous signals into action outputs. This line of projects has 
been investigated in the prototypes I have developed through the 
research. While they are significantly simpler than HAL-5 they deal 
with similar ground, detecting sub-verbal information and transmitting 
this to remote others, helping to encourage implicit awareness and a 
sense of belonging to a broader collective.  
 
These biosignal investigations allude to a range of issues including: 
innovative potentials for embedded peripheral awareness media; the 
expansion of the classical body to incorporate remotely sensed 
information; the issue of data semantics and the development of 
intensely personal non-verbal languages; and the issue of corporeal 
privacy when one’s nervous system is exposed for potential download. 
They also bring into question how our bodily experiences might change 
when we incorporate remote sensory systems. Such questions inspire 
further research and encourage us to reflect on the potentialities of 
remote human connection when considered in a more complex and 
multifaceted way. 
 
Plasticity in perception and its relation to embodied consciousness 
A parallel concern that cuts through the research on many levels and 
which underscores the works mentioned above is the issue of plasticity 
in perception. Plasticity, as investigated through the pioneering work of 
Bach-y-Rita in chapter four, renders us capable of seeing through the 
agency of our skin, a radical and fascinating concept. The development 
of such learning is reliant on personal control of perception devices. 
Provided the user is directing the input device even sighted humans can 
begin to see through their skin in a relatively short time. The issue of 
controlling sensory input devices to experience perception directly 
relates to the enactive approach in consciousness studies. This approach, 
discussed in chapter two, suggests that perception is a learned 
phenomenon. Without bodies, we are unable to navigate in the world 
and thus are unable to learn. This shift from accepting perception as a 
natural occurrence to understanding it as a learnt response opens up 
significant opportunities for new ways of understanding the world. This 
issue of perception as a learnt phenomenon is carried through many of 
the chapters. The research of Brooks, cited in chapter two, suggests that 
embodiment is central to the development of low level intelligence in 
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robots. Without bodies robots (and humans) are unable to learn through 
experience. This is attested to in the experiments of Held and Hein, 
discussed in chapter two. Through submitting kittens and monkeys to 
sensory deprivation these experiments established the critical role of 
doing in perception.  
 
Plasticity in perception may be partly due to the sheer volume of 
sensory stimulus intuited through our sense modalities every second. 
Tor Norretranders’ figures in chapter two suggest that consciousness has 
a very narrow bandwidth. Thus, if one sense modality is lost or 
degraded the processing space dedicated to this in the brain might be 
annexed for other purposes. This concept is reinforced through writings 
of Sacks and Hull discussed in chapter four. The augmented sense 
termed echo-location is particularly interesting to contemplate in 
relation to the plasticity of consciousness. This sense, which has also 
been termed ‘facial vision’ or ‘sensationless perception’, is an example 
of a type of perception that occurs without being specified in 
consciousness. Similar to the skin vision of Bach-y-Rita’s subjects or 
the nervous system communication of Warwick, echo-location suggests 
that the mapping of sensory channels is more plastic than we might 
imagine. The importance of this issue, with regard to my research has 
been to suggest the pre-existence of a highly flexible cognitive 
architecture which might easily adapt to remote sensory modalities. This 
notion has been investigated through both the Empathy Vest and the 
Ether Beat projects. The Empathy Vest posited that by transferring 
environmental data from remote locations to the body the user might 
integrate these sensations into the existing flexible framework. This 
would allow a tangible expansion of the user’s space/time envelope to 
incorporate physical information from remote places and spaces. Ether 
Beat engaged the issue of plasticity through biosignal detection and 
transmission. Through externalising internal processes such as heartbeat 
the projects rely on the sensory plasticity of the brain to recognise the 
signal, facilitating an enlarged experience of empathy to occur. 
 
Empathy as a primary tool for engaging with the world 
Empathy is fundamental to every part of this research. It is implicit in 
the remote presence investigations in the first chapter. It is positioned as 
central to the experience of consciousness and critical to this research. It 
was my rapidly engaged interest in empathy that inspired the 
development of the projects in chapter five. The initial project, Empathy 
Vest, aimed to create a tangible system which allowed for an implicit 
understanding of a remote other’s spatial experience. This implicit 
empathy conceptually refers to the writings of Depraz and Natale. 
Specifically, the project was concerned with Depraz’ first and second 
phases of empathy: the passive association of one lived body to another, 
and the imaginative transposal to the place of another. The first is the 
implicit, non-conscious phase of empathy also termed ‘coupling’ by 
Husserl, while the second phase requires conscious imagination to 
transcend physical limitations. In the Empathy Vest this was achieved 
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through transmitting a real-time sense of environmental stimulus 
between the bodies of the two users. This first project also sought to 
connect the individual to the dynamism of a crowd scenario, invoking 
Natale’s model of ‘Predictive Accurate Empathy with a Generalised 
Other’. This model suggests the ability of humans to put themselves in 
the place of a large group of people. 
 
The precondition for empathy is intersubjectivity, a subject that also 
underlies much of my research. Intersubjectivity suggests that we are 
part of a broader whole and that through interaction with others and the 
world our experience of consciousness is created. Thompson suggests 
that consciousness “emerges from the dynamic co-determination of self 
and other.”1 Rizolatti furthers this assertion in chapter three by 
suggesting that intersubjectivity is the primal mode for understanding 
the world at all, and is much broader than empathy as an interpersonal 
exchange between two people. Empathy underscored the creation of the 
Ether Beat garments and artefacts in a very direct manner. The projects 
are manifest in the understanding that humans are intersubjectively open 
to empathy, even prior to concrete encounters. The projects also 
reference the physiological basis for emotion, as investigated through 
Toombs and Damasio in chapter three. Within this reading of emotion 
physiological signals are the stuff of emotion, not an abstract 
representation of emotional states. Thus, through sensing and 
transmitting emotional states and repositioning the heartbeat as an active 
communications modality my prototypes provide enhanced modes of 
connection for remotely located people. 
 
Socio-technical agency and the extended mind 
The final issue that is recurrent throughout the explorations is that of 
socio-technical agency and the concept of extension. The notion of a 
body/environment composite, or of a consciousness that extends beyond 
the limitations of body and brain, has been proposed from many fields 
and from many angles. In chapter one it is particularly relevant with 
regard to telerobotics that allow human presence to transcend physical 
limitations and enact change at a distance. The Telegarden is a prime 
example of socio-technical agency as it allows a geographically 
dispersed network of users to participate in the experience of tending a 
remote garden. Other telerobotics projects, such as ‘Flo’ from Carnegie 
Mellon University, embody the presence of a remote carer in the 
interface of a robot. Less robotic projects such as the 6th Sense use the 
agency of technology to connect location-dislocated families.  
 
Perhaps the most direct example of socio-technical agency cited within 
the thesis is that of Kevin Warwick in chapter two. Through the agency 
of embedded electronics Warwick has developed augmented capacities 
within the world. He can open doors and make lights turn on, simply 
through his presence. His experiments with hybridism allow extended 
capabilities, from directing a robot on the other side of the planet via 
muscle signals to communicating non-verbally through direct nervous 
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system linkages. Socio-technical agency is also a primary issue 
addressed by Andy Clark through his investigations into scaffolding 
structures. Through outsourcing memory and complex tasks to our 
technologies we are capable of ever more complex tasks. This socio-
technical scaffolding structure includes our personal media such as 
iPods, memory sticks, note pads and computers but also overarching 
architectures such as language and culture. These we use as tools to 
assist us in organising huge quantities of information. Further, the issue 
of socio-technical agency is implicit in Bateson’s cybernetic systems, 
discussed in chapter two and McLuhan’s speculations about the 
technological extension of humans through media. Finally, Bach-y-
Rita’s TVSS provides a fascinating example of socio-technical agency 
in action. His experiments, discussed in chapter four, allow blind people 
to see through the agency of tactility.  
 
The prototypes that I have developed through this research are deeply 
concerned with socio-technical agency. They use the agency of 
technology to transmute internal processes into externally transmissible 
messages, received by remote others through the agency of technology. 
The later devices are not developed to be eye-catching external 
garments. Rather, they are conceived as a second skin capable of 
transmitting and receiving indicators of presence. They aim to be 
incorporated into the individual’s sense of self to expand the 
intersubjective matrix, and allow for implicit understanding and 
connection. A portion of the user feedback from the Ether Beat projects 
suggested that user’s recognised the heartbeat as their own. This raises 
interesting issues of socio-technical agency allowing for the 
incorporation of external sensation into one’s perception of self. This is 
reminiscent of the body brain bi-directional feedback loop as suggested 
by Damasio in chapter five. In this model the sensory stimulus intuited 
by the body allows for the brain’s vision of the body to be updated. 
Through incorporating the input from a remote location the notion of 
the time/space envelope in which the body is located quickly becomes 
defunct.  
 
As was discussed through Bach-y-Rita’s prosthetic perception studies 
and the augmented perception of Kevin Warwick, it does not take very 
long for the individual to incorporate new sensory stimulus into 
conscious experience. This would suggest the rapid development of new 
sensory modalities. 
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Conclusions 
 
My research has situated empathy as central to effective 
communication. It has drawn from a wide range of sources to suggest 
methods for enriching the remote communications experience with 
some of the factors present in collocated interpersonal interaction. 
Working as a designer at the nexus of a range of disciplines my role has 
been to draw elements from these areas and distil them into design 
projects. The research questioned whether moments of intuitive 
connection can be enhanced in real time to strengthen empathy between 
humans who are physically remote from one another. This aim has been 
addressed through a variety of intersecting channels. I have investigated 
specific theoretical concepts to inform the development and testing of a 
series of projects. The theoretical framework has located several key 
issues which, through discussion, inform the following conclusions. 
 
The research has identified four primary issues, which together facilitate 
more profound experiences of connection over distance. These are: 
empathy, augmented perception, plasticity and extension. Empathy is a 
highly complex phenomenon. In its expanded definition it facilitates 
even our most basic interactions and allows us to navigate in a complex 
social world. The cognitive architecture of empathy, particularly mirror 
neuron structures, allows us to understand others at an implicit level, 
from their viewpoint. This bi-directional, real-time ‘change of places’, 
which occurs in collocated interpersonal communication, is harder to 
foster at a distance. The criteria for what constitutes a good 
communication technology could be expanded from issues of network 
speed, portability, and resolution to include tactile channels that might 
emulate some of the richness of face-to-face interaction. Separation 
implies dislocation in space and time. Mainstream communications 
media allow for a temporal exchange, though distant, but neglect the 
spatial. My hypothesis has been that this could be overcome through 
exploring remote presence applications which facilitate action at a 
distance. Through the incorporation of tactile modalities into our remote 
communication devices we transcend the spatial disconnection that is 
resident in remotely located interaction.  
 
My research suggests new modes for remote connection through 
investigating unconventional ways of sensing and communicating in the 
world. Many mechanisms have been proposed by others (cited 
throughout the thesis) to facilitate empathy at a distance, from direct 
nervous system communication, through to subliminal presence 
indicators that deepen the sense of a remote other’s existence. The 
projects I have developed to inform my research propose biosignal 
exchange as a mode for transcending spatial limitations. The 
investigations, both practical and theoretical, have generated complex 
issues, alluded to in the earlier discussion. The research has suggested 
that while human communication is a highly complex phenomenon this 
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complexity is to our advantage in the development of new technologies. 
Expanding the frame of reference to incorporate studies from remote 
presence, empathy, neuropsychology and other disciplines expands the 
potential for contemporary modes of connection.  
 
Plasticity in perception has been suggested as a mechanism through 
which our brain is capable of adapting to new input languages. I have 
cited examples of plasticity throughout the thesis. Whilst perceptual 
plasticity cannot directly facilitate empathetic exchange it provides the 
basis for potential ‘plugging in’ of remote sense channels which could 
in turn encourage empathy. The research has suggested that the brain 
can recognise and adapt to new languages of sensation very quickly. 
Within the project testing a proportion of users incorporated the 
received heartbeat into their personal physiology. This tendency raises 
interesting opportunities for expanding the human envelope to absorb 
remote senses. The issue of cognitive extension is resident throughout 
the research. As discussed above, through the agency of technology we 
are able to expand our zone of influence further than ever before. As has 
been discussed in the thesis there is great potential for outsourcing 
sensory modalities, and scaffolding new ones. Quickly the reach of the 
individual becomes palpably extended, integrating remote others into 
the scaffolded matrix. 
  
A further outcome of this research has been to suggest that even basic 
perception is a learned skill. As embodied beings we are essentially 
learning to perceive from birth. Provided we have access to a body for 
navigating and sense receptors for gathering information our potentials 
for perception are maximised. The plasticity of brain processes, coupled 
with our extraordinary abilities for externalising processes suggest 
unexplored potentials for cognitive extension. Such extension, 
facilitated through the agency of technology, may allow us to connect in 
deeper and more meaningful ways, irrespective of location. 
 
Through expanding the definition of empathy and developing an 
understanding of its cognitive architecture and relationship to 
intersubjectivity, we can propose technologies that might facilitate its 
occurrence. Throughout my research this has been implicit, drawing 
together information from a wide variety of fields to suggest augmented 
modes for connecting. My research has demonstrated a potential range 
of ways to stimulate intuitive connection between remote players. These 
have ranged from quite simple remote presence applications through to 
highly sophisticated devices that require implantation. Rather than 
looking to existing technologies as a way to connect my research has 
examined the core architectures underlying collocated interpersonal 
communication and suggested solutions through design. These designs 
propose ways to encourage remote empathy through the agency of 
biosignals.  
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A principal outcome of my research has been a developing awareness of 
the pandora’s box of opportunity for new research directions that exists 
in this area. Whilst I have attempted to delimit the scope of the research 
to the time constraints of a Masters, each sector of the subject field has 
generated questions as much as answers. As such the research has been 
primarily a generative process but also has laid foundations for further 
design projects. Similarly, whilst the user testing raised interesting 
issues and some tentative conclusions it is nevertheless far from 
conclusive. Future research is required to reach the next level of project 
resolution, which would establish the effectiveness of the current 
prototypes and propose new prototype forms, but is something which 
remains elusively beyond the scope of this thesis.
                                                 
1 Thompson, 2001, page 4 
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Appendix 1 
The Empathy Vest Components 
 
Item Prototype relevance 
  
Wet Suit Neoprene  Garment prototype fabric 
Velcro - 25mm  Garment fixtures 
  
1.3 Amp Hour 12V Battery To run wearable computer 
2.2 Amp Hour 12V Battery To run wearable computer 
12V Battery charger To recharge wearable computer 
wire light 1m – red for signal display on wearable computer 
wire light 1m – blue for signal display on wearable computer 
wire light 1m – green for signal display on wearable computer 
Resistors 0.5w for circuit boards 
Fan with LEDS for signal display on wearable computer 
Minivox relay Kit x 5 voice sensors for input channel 
1.5A PCB Mount Thermal            
Circuit Breaker for circuit boards 
3 Amp circuit Breaker for circuit boards 
6 Core Alarm Cable - 30m Roll  for input channels to wearable computer
Jiffy Case x 5 to case input sensors 
Perspex window mount for Fan 
to case fan mounted on wearable 
computer 
Programmable Logic Controller 
Programming board to control 
inputs/outputs 
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The Ether Beat Components 
 
Item Project Relevance 
  
Fuse Clip - Jaycar To hold vibration motors in garment 
Ribbon Cable - 5m For wiring up garments 
Heat shrink Tube - clear To encase vibration motors 
Heat shrink Tube - opaque To encase vibration motors 
Insulation Tape x 2 
To reinforce connection  
between wiring and motors 
Microcontroller terminal  
hubs x 5 
To attach microcontrollers 
to circuit boards 
Pins and Blu Tack 
For electronics prototyping - connecting 
vibrational devices to prototype board 
for testing 
Blue Foam for electronic set out Makeshift prototype testing board 
  
PCB Terminal Ports x 20 For circuit prototype 
Jumper Lead Set For circuit prototype 
Pre punched PCBs x 4 
Printed Circuit Boards for circuit 
prototyping 
  
Plastic box for electronics 
Base and lid x 2 To encase circuit boards in garment 
  
Fabric, fasteners, thread  For wearables 
Ramsey ECG1 Heart Monitor Heart Monitor used in prototype project 
  98
Appendix 2 
Technical sessions 
 
These diaries document the process of developing the electronics for the 
Ether Beat range of prototypes. The diaries commence in May 2005 
thus illustrating the sluggish nature of the technological design process 
until this point. Prior to the location of the right people to assist in 
design of the data processing equipment I had been attempting to work 
with Basic Stamp or PIC technologies. Whilst these are relatively 
common technologies adapting them for biosignal use was less straight 
forward. Once the right collaborators had been located a series of design 
sessions were organised. During these we spoke about the parameters 
required for the technology, how stable it needed to be, and what 
budgetary constrictions we needed to adhere to. 
 
The primary goal was to develop a signal processing solution which 
could take a fairly noisy biosignal, turn it into a clean square wave, and 
use this wave to drive remote motors. The solution was to use a series of 
off the shelf products combined with specially designed and created 
electronic components. See Appendix 1 for a full list of components 
utilised. 
 
Technical Meeting 
02 May 2005 
Attendance: Melaku Alemu, Mazin Ali and Leah Heiss 
 
Notes: 
Today I went to see the progress that Mazin and Melaku had made on 
the prototype since our briefing meeting on Tuesday April 5th. I was 
pleasantly surprised to find that the prototype - while chunky - was 
operating in the desired manner. Melaku had located 3 electrodes on his 
chest to sense the ECG signal. These were placed at the following 
locations: 
 
 
 
Image 1. Diagram of the location of ECG electrodes 
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These electrodes were sensing his ECG which was being transmitted via 
FM radio frequency to a receiving/processing device that was powering 
the vibration of one of the motors which was blue-tacked to the desk. 
The sight of the vibration motor playing out the heartbeat of Melaku on 
the desk, as he sat 2 metres distant, was quite uncanny. 
 
The current prototype uses the FM Frequency range to transmit the 
heartbeat and the transmitter (garment a) to the receiver (garment b). 
Thus the radio receiver must be tuned in to the heartbeat station (86.1 
FM in this case). An interesting byproduct of this usage of the FM band 
is that when tuned to other stations the vibration motors dance to the 
beat of the music. This raises interesting implications for an empathetic 
music-listening experience. 
  
Technical note regarding placement of electrodes. Referring to above 
diagram: Electrodes need to be placed at minimum 2 points along each 
side of the sternum (ie either V1, V3, V4, V5, or V6 to the left of the 
sternum and the corresponding point to the right of the sternum) with a 
ground electrode placed on the Angle of Louis - the bony part of the 
chest.  
 
V1: Fourth intercostal space to the right of the sternum. 
V2: Fourth intercostal space to the Left of the sternum. 
V3: Directly between leads V2 and V4. 
V4: Fifth intercostal space at midclavicular line. 
V5: Level with V4 at left anterior axillary line. 
V6: Level with V5 at left midaxillary line. 
(Directly under the midpoint of the armpit) 
 
 
Technical Meeting 
05 May 2005 
Attendance: Melaku Alemu and Leah Heiss 
 
Notes: 
Today I went to photograph the working prototype that Melaku had 
shown me on Monday 02 May. We then tested the maximum range that 
the fm radio signal can project the heartbeat and still have a strong 
vibration. Quite to our surprise I was still able to pick up a strong 
vibration signal 24 metres from the transmitter. This was in an 
environment in which there were lots of computers, therefore lots of 
noise, and without line of sight. This makes me think that in a space 
clear of noise the signal might be able to travel quite long distances, 
perhaps 80-100 metres. The technological impact of this is quite 
significant - by hacking a basic wireless radio transmitter and receiver 
we have been able to develop a working prototype to transmit biosignals 
over distance. 
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Image 2. Diagram of the location of the transmitter and receiver 
 
Technical Meeting 
08 May 2005 
Attendance: Melaku Alemu, Mazin Ali and Leah Heiss 
 
Notes: 
This session we established the 3 stages of the project. 
 
Stage 1: To establish that it is possible to detect ECG signals, transmit 
them via radio waves and convert them at the receiving end to vibration. 
As of 050505 this aim has been accomplished. 
 
Stage 2: By May 25 2005: To repackage the receiving end of the device 
so that it can be attached to the garment. This will allow for the 
prototype to be user tested (with receiver only wearing garment) 
utilising the ECG of the transmitter. Also, this will enable me to 
demonstrate the Ether Scarf and Ether Beat garment at the GRC. 
 
Stage 3: To reconfigure the existing technology into finalised products.  
This includes: 
1. developing designs for the PCBs. These would encompass: ECG 
monitor, Transmitter, Receiver, signal processing capability.  
2. They would be run on 1 x AA or 1 x AAA battery at each end. 
3. Develop best method for locating technology in garment. 
 
Potential cost for parts only: Approx $1500 
Potential cost for labour: Approx $2000 
Potential time frame: 3 months. ie complete mid-late August. 
Benefits: Can submit for IEEE conferences, patent, use anywhere in the 
world, publish etc. 
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Image 3. (left to right) Prototyping session – ECG monitor, Radio transmitter, and 
ECG generator. Central image: receiver interface. Trialing the activation of vibration 
motors. 
 
Technical Meeting 
27 August 2005 
Attendance: Melaku Alemu and Leah Heiss 
 
Notes: 
Today Melaku and I rigged up the garment to test it out. I wore the 
garment over the top of my existing clothes and felt the vibration 
throught my clothes. The sensation was uncannily like being very 
nervous and felt as though my heart was beating through my chest. We 
tested the vibration up to a range of about 20 metres and it worked fine. 
The only problem seemed that the wavelength is received as an audio 
signal. This signal is translated into vibration however a small static 
sound is still palpable. This had the effect of distracting the bodily 
aspects of the experience. The best option might be to develop a sound 
proof box to house the receiver in. 
  
Technical Meeting 
22 October 2005 
Attendance: Melaku Alemu and Leah Heiss 
 
Notes: 
This is one in a series of technology sessions that Melaku and I have had 
in his new premises in RMIT Tafe (Electronic Engineering). During this 
session we sought to iron out issues with the technology, which had 
been behaving erratically and unreliably, prior to the exhibition. We 
decided that rather than attempting to have the garments functioning at 
the exhibition we would aim for one of the Hand Hearts. I thus removed 
the wiring from the Ether Beat garment and transferred it to one of the 
hands hearts. It was decided that the exhibition could run purely as an 
art show and that usability might only become an issue during my 
artist’s talk - which was to be recorded and used in my thesis. 
 
We were able to get the technology working (transmitting and receiving 
using the ECG generator) however when I took the technology home the 
signal was becoming confused and filled with noise. The outcome of 
this interference is that while the ECG generator is emitting a pure and 
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regular wavelength this is being messed up at some point in the EGC 
monitor. Thus, an erratic signal is being communicated via the 
transmitter and causing the vibration motors to go crazy and vibrate 
frenetically.  
 
Technical Meeting 
6 November 2005 
Attendance: Melaku Alemu and Leah Heiss 
Place: West Space Gallery, Melbourne 
 
Notes: 
Today Melaku and I sought to work out the issues with the transmission 
and reception of signals which had been demonstrating high levels of 
interference, causing a noisy and unrecognisable signal. The aim of 
today's session was to wire up one of the hand hearts for use at my 
artists talk on Thursday (10th November, 12.30pm). As we had not 
experimented with the vibration motors in the hearts - which are made 
from polyester resin and are relatively heavy - we weren't sure how 
much vibration might pass through the modules. This would definitely 
affect the sense that one was holding a beating heart. We established 
that due to the hearts having quite a heavy materiality they required all 
four motors to allow for a recognisable feeling. 
  
 
 
Image 4. Testing the Hand Hearts 
 
After 3 hours of investigative surgery Melaku and I determined that the 
issue with the signal disturbance was being caused not by the input 
cables for the ECG monitor as we had suspected or by the gain or 
volume on this device but rather by the FM transmitter batteries being 
too loose. This is disrupting the ECG signal at the monitor stage and 
thus transmitting a corrupt signal through the tranmitter which is leading 
to the erratic behaviour at the destination. The next process is to meet 
again tomorrow to test out a backup transmitter. The heart will then be 
wired and ready to demonstrate on Thursday. 
 
Technical Meeting 
7 November 2005 
Attendance: Melaku Alemu and Leah Heiss 
Place: West Space Gallery, Melbourne 
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Notes: 
Trouble shooting 
The technical session today was dedicated to again trying to resolve 
issues with the technology. I bought a new transmitter/receiver kit and 
this seems to be working well.  
 
1. Gain and volume - tuning the ECG monitor 
The primary issue now seems to be that every time the devices are 
switched off and then on again the ECG monitor requires re-tuning 
(gain and volume). This makes me very nervous as I am ever certain 
that the day I need to demonstrate the project it might not work at all.  
 
2. Receiver module - excessive drain 
The second issue that is problematic is that the receiver module drains a 
lot of battery energy. The device requires full capacity batteries to drive 
the motors. The set up of the module seems to drain energy even when 
at rest over night - however, due to the configuration removing the 
battery is very difficult without unsettling the system. Tomorrow I will 
solder together two free floating battery clips in the hope of making a 
configuration that is easy to connect and disconnect. 
 
3. Wiring of Heart 
The heart also requires a wiring solution that is both aesthetically clean 
and provides a good length of wiring to the host box. I have purchased a 
few metres of multi-coloured ribbon cable but will experiment with 
encasing this in fabric ribbon. 
 
 
Technical Meeting 
9 November 2005 
Attendance: Melaku Alemu and Leah Heiss 
Place: West Space Gallery, Melbourne 
 
Notes: 
Today I held my heart in my hands. The experience was rather uncanny. 
The technical session today was dedicated to ironing further issues with 
the set up - I re-wired the heart with longer cable to accommodate reach 
from the box to the user. The problem seemed to be that the monitor 
required attentive tuning - every time you make any changes.  
 
 
Image credits: 
 
Image 1. Diagram of the location of ECG electrodes.  
 
Image 2. Diagram of the location of the transmitter and receiver 
 
Image 3. (left to right) Prototyping session – ECG monitor, Radio transmitter, and 
ECG generator. Central image: receiver interface. Trialling the vibration motors. 
 
Image 4. using testing of Hand Hearts 
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Appendix 3: experiment results 
 
Following are the results from the quantitative experiments. Each 
experiment has three associated pages of data. The first is a summary 
sheet that locates the important data in an easy to navigate format. The 
other two pages are compiled screen captures from the HRV analysis 
software employed. The second page in each section comprises the 
Mean HR and Mean RR readings while the third page is the Welch’s 
Periodogram readings which incorporates the LF/HF ratio figures. 
 
 
                           
Experiment details:                        
User A: Control                               
User B: Receiver                            
ECG Generator: 90bpm/60bpm 
Control session Active session 1 Active session 2 Control Session
Duration: 60 secs.                                
No Stimulus
Duration: 123 seconds.             
Synthetic heartbeat @ 90bpm 
received by User B
Duration: 121 seconds.                   
Synthetic heartbeat @ 60bpm 
received by User B
Duration: 60 secs.                              
No Stimulus
User A: Mean HR: 57.37 Mean HR: 56.44 Mean HR: 47.63 Mean HR: 59.36
Control Mean RR: 1.197 Mean RR: 1.189 Mean RR: 1.391 Mean RR: 1.225
LF/HF: 0.455 LF/HF: 0.633 LF/HF: 1.101 LF/HF: 0.330
User B: Mean HR: 60.22 Mean HR: 62.38 Mean HR: 62.04 Mean HR: 54.04
Receiver Mean RR: 1.161 Mean RR: 1.083 Mean RR: 1.089 Mean RR: 1.254
LF/HF: 0.527 LF/HF: 0.825 LF/HF: 0.265 LF/HF: 0.251
Synthetic Heartbeat BPM 90 60
Appendix 3.1                                              
Experiment 1
Mean RR,  Mean HR and LF/HF Ratio
Background:
Details: User B receives a heartbeat that they think belongs                      
to user 2, but is actually a synthetically generated heartbeat.                     
Apparatus: Hand Heart
Experiment 1 
Mean RR and Mean HR 
 
Background: 
Details: User B receives a heartbeat that she thinks belongs to user A, but is actually a synthetically generated heartbeat. 
Apparatus: Hand Heart 
 
User A (control) 
 
Duration: 59 secs.       Duration: 123 seconds.        Duration: 122 seconds.           Duration: 61 secs.                                                     
No Stimulus        Synthetic heartbeat @ 90bpm received by User A   Synthetic heartbeat @ 60bpm received by User A   No Stimulus  
    
 
User B (receiver) 
Duration: 60 secs.       Duration: 123 seconds.        Duration: 120 seconds.           Duration: 59 secs.                                                     
No Stimulus        Control       Control       No Stimulus  
   
Experiment 1 
Frequency distribution 
 
Background: 
Details: User B receives a heartbeat that she thinks belongs to user A, but is actually a synthetically generated heartbeat. 
Apparatus: Hand Heart 
 
User A (control) 
 
Duration: 59 secs.       Duration: 123 seconds.        Duration: 122 seconds.           Duration: 61 secs.                                                     
No Stimulus        Synthetic heartbeat @ 90bpm received by User A   Synthetic heartbeat @ 60bpm received by User A   No Stimulus  
    
 
User B (receiver) 
Duration: 60 secs.       Duration: 123 seconds.        Duration: 120 seconds.           Duration: 59 secs.                                                     
No Stimulus        Control       Control       No Stimulus  
    
                           
Background:
Details: User B receives the real-
time heartbeat of User C. 
Apparatus: Hand Heart
Experiment details:                         
User C: Transmitter                        
User B: Receiver                        
Control session Active session 1 Active session 2 Control Session
Duration: 63 secs.                                
No Stimulus
Duration: 123 seconds.                   
User C transmitting signal.
Duration: 123 seconds.                   
User C transmitting signal.
Duration: 60 secs.                              
No Stimulus
User B: Mean HR: 66.94 Mean HR: 69.52 Mean HR: 53.98 Mean HR: 45.88
Receiver Mean RR: 0.977 Mean RR: 1.252 Mean RR: 1.422 Mean RR: 1.422
LF/HF:0.198 LF/HF:0.829 LF/HF:0.494 LF/HF: 0.726
User C: Mean HR: 62.97 Mean HR: 61.64 Mean HR: 57.30 Mean HR: 48.15
Transmitter Mean RR: 1.126 Mean RR: 1.130 Mean RR: 1.184 Mean RR: 1.440
LF/HF:0.291 LF/HF:0.617 LF/HF:0.697 LF/HF:2.660
Appendix 3.2                                              
Experiment 2
Mean RR,  Mean HR and LF/HF Ratio
Experiment 2 
Mean RR and HR 
 
Background: 
Details: User B receives the real-time heartbeat of User C.  
Apparatus: Hand Heart 
 
User B (receiver) 
Duration: 60 secs.                                                   Duration: 123 secs.       Duration: 123 secs.       Duration: 60 secs. 
No Stimulus       User B Receiving Signal      User B Receiving Signal      No Stimulus 
 
    
  
 
User C (transmitter) 
Duration: 60 secs.                                                   Duration: 123 secs.       Duration: 123 secs.       Duration: 60 secs. 
No Stimulus       User C Transmitting Signal      User C Transmitting Signal      No Stimulus 
 
    
Experiment 2 
Frequency distribution 
 
Background: 
Details: User B receives the real-time heartbeat of User C.  
Apparatus: Hand Heart 
 
User B (receiver) 
Duration: 60 secs.                                                   Duration: 123 secs.        Duration: 123 secs.       Duration: 60 secs. 
No Stimulus       User B Receiving Signal       User B Receiving Signal      No Stimulus 
 
     
 
 
User C (transmitter) 
Duration: 60 secs.                                                    Duration: 123 secs.       Duration: 123 secs.       Duration: 60 secs. 
No Stimulus        User C Transmitting Signal      User C Transmitting Signal      No Stimulus 
 
     
                           
Background:
Details: User E receives the real-
time heartbeat of User D. 
Apparatus: Garment
Experiment details:                         
User D: Transmitter                        
User E: Receiver                            
Control session Active session 1 Active session 2 Control Session
Duration: 60 secs.                                
No Stimulus
Duration: 121 seconds.                        
User D transmitting signal.
Duration: 120 seconds.                   
User D transmitting signal.
Duration: 60 secs.                              
No Stimulus
User E: Mean HR: 65.52 Mean HR: 67.48 Mean HR: 59.06 Mean HR: 56.74
Receiver Mean RR: 1.017 Mean RR: 0.968 Mean RR: 1.131 Mean RR: 1.156
LF/HF: 0.524 LF/HF: 0.412 LF/HF: 0.414 LF/HF: 0.254
User D: Mean HR: 72.16 Mean HR: 71.04 Mean HR: 69.54 Mean HR: 63.95
Transmitter Mean RR: 0.921 Mean RR: 0.936 Mean RR: 0.970 Mean RR: 1.038
LF/HF: 0.863 LF/HF: 0.286 LF/HF: 0.566 LF/HF: 0.296
Appendix 3.3                                              
Experiment 3
Mean RR,  Mean HR and LF/HF Ratio
Experiment 3 
Mean RR and Mean HR 
 
Background: 
Details: User E receives the real-time heartbeat of User D.  
Apparatus: Garment 
 
User E (receiver) 
 
Duration: 60 secs.       Duration: 121 seconds.        Duration: 120 seconds.           Duration: 60 secs.                                                     
No Stimulus        User B Receiving Signal     User B Receiving Signal     No Stimulus  
    
 
User D (transmitter) 
Duration: 60 secs.       Duration: 119 seconds.        Duration: 120 seconds.           Duration: 61 secs.                                                     
No Stimulus        User D Transmitting Signal     User D Transmitting Signal     No Stimulus  
   
Experiment 3 
Frequency distribution 
 
Background: 
Details: User E receives the real-time heartbeat of User D.  
Apparatus: Garment 
 
User E (receiver) 
 
Duration: 60 secs.       Duration: 121 seconds.        Duration: 120 seconds.           Duration: 60 secs.                                                     
No Stimulus        User B Receiving Signal     User B Receiving Signal     No Stimulus  
    
 
User D (transmitter) 
Duration: 60 secs.       Duration: 119 seconds.        Duration: 120 seconds.           Duration: 61 secs.                                                     
No Stimulus        User D Transmitting Signal     User D Transmitting Signal     No Stimulus  
    
                           
Background:
Details: User A receives the real-
time heartbeat of User D. 
Apparatus: Garment
Experiment details                          
User D: Transmitter                        
User A: Receiver        
Control session Active session 1 Active session 2 Control Session
Duration: 60 secs.                                
No Stimulus
Duration: 120 seconds.                        
User D transmitting signal.
Duration: 120 seconds.                        
User D transmitting signal.
Duration: 61 secs.                              
No Stimulus
User A: Mean HR: 53.06 Mean HR: 63.59 Mean HR: 55.44 Mean HR: 45.02
Receiver Mean RR: 1.326 Mean RR: 1.123 Mean RR: 1.242 Mean RR: 1.557
LF/HF: 0.671 LF/HF: 0.515 LF/HF: 0.935 LF/HF: 0.302
User D: Mean HR: 64.67 Mean HR: 63.63 Mean HR: 61.89 Mean HR: 61.61
Transmitter Mean RR: 1.050 Mean RR: 1.022 Mean RR: 1.066 Mean RR: 1.087
LF/HF: 0.238 LF/HF: 0.148 LF/HF: 0.382 LF/HF: 0.165
Appendix 3.4                                            
Experiment 4
Mean RR,  Mean HR and LF/HF Ratio
Experiment 4 
Mean RR and Mean HR 
 
Background: 
Details: User A receives the real-time heartbeat of User D.  
Apparatus: Garment 
 
User A (receiver) 
Duration: 60 secs.       Duration: 121 seconds.        Duration: 120 seconds.           Duration: 60 secs.                                                     
No Stimulus        User B Receiving Signal     User B Receiving Signal     No Stimulus  
    
 
 
User D (transmitter) 
Duration: 60 secs.       Duration: 119 seconds.        Duration: 120 seconds.           Duration: 61 secs.                                                     
No Stimulus        User D Transmitting Signal     User D Transmitting Signal     No Stimulus  
   
Experiment 4 
Frequency distribution 
 
Background: 
Details: User A receives the real-time heartbeat of User D.  
Apparatus: Garment 
 
User A (receiver) 
 
Duration: 60 secs.       Duration: 121 seconds.        Duration: 120 seconds.           Duration: 60 secs.                                                     
No Stimulus        User B Receiving Signal     User B Receiving Signal     No Stimulus  
    
 
User D (transmitter) 
Duration: 60 secs.       Duration: 119 seconds.        Duration: 120 seconds.           Duration: 61 secs.                                                     
No Stimulus        User D Transmitting Signal     User D Transmitting Signal     No Stimulus  
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Appendix 4: Glossary 
 
abnegate 
/ / (say 'abnuhgayt) 
verb (t) (abnegated, abnegating)  
to refuse or deny to oneself; reject; renounce. [Latin abnegatus, 
past participle]  
--abnegation / / (say abnuh'gayshuhn), noun 
--abnegator, noun 
 
affective 
/ / (say uh'fektiv) 
adjective 1. relating to the affections; emotional. 
2. exciting emotion; affecting. 
3.  Psychology relating to feeling or emotion, especially to 
pleasurable or unpleasurable aspects of mental process.  
--affectively, adverb 
--affectivity / / (say .afek'tivuhtee), noun 
 
agency  
/ / (say 'ayjuhnsee) 
noun (plural agencies)  
4. the state of being in action or of exerting power; action; 
operation: the agency of Providence. 
5. a mode of exerting power; a means of producing effects; 
instrumentality: by the agency of friends.  
 
agnosia 
/ / (say ag'nohzhuh) 
noun loss or impairment of the ability to recognise objects by 
any of the various senses. [New Latin, from Greek agnosia 
ignorance] 
 
amplitude 
/ / (say 'ampluhchoohd) 
noun 1. extension in space, especially breadth or width; 
largeness; extent. 
2. large or full measure; abundance; copiousness. 
3.  Physics the maximum value of an alternating quantity 
measured from its mean or base value. 
4.  Electricity the peak value of an alternating quantity in either 
the positive or negative direction. 
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5.  Astronomy the arc of the horizon from the east or west point 
to a heavenly body at its rising or setting. [Latin amplitudo] 
 
congenital  
/ / (say kuhn'jenuhtl) 
adjective existing at or from one's birth: a congenital defect. 
[Latin congenitus born together with + -AL1]  
--congenitally, adverb 
 
cognition  
/ / (say kog'nishuhn) 
noun 1. the act or process of knowing; perception. 
2. the product of such a process; thing thus known, perceived, 
etc. 
3.  Obsolete knowledge. [Middle English, from Latin cognitio a 
getting to know]  
--cognitive / / (say 'kognuhtiv), adjective 
 
collocate 
/ / (say 'koluhkayt) 
verb (t) (collocated, collocating)  
1. to set or place together. 
2. to arrange in proper order: collocated events. 
--noun 3. → collocation (def. 3c). [Latin collocatus, past 
participle, set in a place] 
 
communication 
/ / (say kuhmyoohnuh'kayshuhn) 
noun 1. the act or fact of communicating; transmission. 
2. the imparting or interchange of thoughts, opinions, or 
information by speech, writing, or signs. 
3. that which is communicated or imparted. 
4. a document or message imparting views, information, etc. 
5. passage, opportunity of passage, or a means of passage 
between places. 
6. (plural) the science or process of conveying information 
especially by electronic or mechanical means. 
7. (plural)  
a. the means of transmitting information by telephone, radio, 
television, etc. 
b. any means of sending military messages, orders, etc. 
c. routes and transportation for moving troops and supplies 
overseas, or in a theatre of operations. 
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coupling 
/ / (say 'kupling) 
noun 1. the act of someone or something that couples. 
2. any mechanical device for uniting or connecting parts or 
things. 
3. a device used in joining railway carriages, etc. 
4.  Electricity 
a. the association of two circuits or systems in such a way that 
power may be transferred from one to the other. 
b. a device or expedient to ensure coupling. 
5. the part of the body between the tops of the shoulderblades 
and the tops of the hip joints in a dog or horse. 
 
cyborg 
/ / (say 'suybawg) 
noun (in science fiction) a humanoid robot which incorporates 
the living tissue of a human or other organism. [blend of 
cybernetic (see CYBERNETICS and ORGANISM] 
 
distant 
/ / (say 'distuhnt), / / (say 'distnt) 
adjective 1. (sometimes followed by from) far off or apart in 
space; not near at hand; remote. 
2. separate or apart in space: a place a kilometre distant. 
3. apart or far off in time. 
4. far apart in any respect: a distant relative. 
5. reserved; not familiar or cordial. 
6. to a distance: a distant journey. [French, from Latin distans, 
present participle, being distant, standing apart]  
--distantly, adverb 
 
embody  
/ / (say em'bodee) 
verb (t) (embodied, embodying)  
1. to invest with a body, as a spirit; incarnate; make corporeal. 
2. to give a concrete form to; express or exemplify (ideas, etc.) 
in concrete form. 
3. to collect into or include in a body; organise; incorporate. 
4. to embrace or comprise.  
 
emergent  
/ / (say uh'merjuhnt), / / (say ee-) 
adjective 1. emerging; rising from a liquid or other surrounding 
medium. 
2. (of a nation) recently independent or newly formed as a 
political entity, and generally in an early stage of economic 
108 
development. [economics] 
3. coming into view or notice; issuing. 
4. arising casually or unexpectedly. 
5. calling for immediate action; urgent. [Latin emergent-, stem of 
emergens arising out of]  
--emergently, adverb 
 
empathy 
/ / (say 'empuhthee) 
noun mental entering into the feeling or spirit of a person or 
thing; appreciative perception or understanding. [Greek 
empatheia. Compare German Einfühlung, literally, infeeling]  
--empathetic / / (say em'pathik), adjective 
--empathetically / / (say em'pathiklee), adverb 
 
enact  
/ / (say en'akt), / / (say uhn-) 
verb (t) 1. to make into an act or statute; to pass (a bill) into law. 
2. to ordain; decree. 
3. to represent on or as on the stage; act the part of: to enact 
Hamlet.  
--enactor, noun 
 
enactive  
/ / (say en'aktiv), / / (say uhn-) 
adjective having power to enact or establish, as a law.  
 
generative  
/ / (say 'jenuhruhtiv) 
adjective 1. relating to the production of offspring. 
2. capable of producing. 
3.  Linguistics 
a. capable of generating. 
b. relating to a generative description or analysis of language. 
 
humanism  
/ / (say 'hyoohmuhnizuhm) 
noun 1. any system or mode of thought or action in which 
human, rather than spiritual concerns, predominate. 
2. devotion to or study of the humanities; polite learning; literary 
culture. 
3. (sometimes upper case) the studies, principles or culture of the 
humanists (def. 4).  
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interlocutor 
/ / (say intuh'lokyuhtuh) 
noun 1. someone who takes part in a conversation or dialogue. 
2. someone who enters into conversation with another. 
3. the performer in the middle of the line of members of a 
minstrel troupe, who carries on a conversation with the endmen. 
[Latin interlocutus, past participle of interloquor + -OR2]  
--interlocutress / / (say intuh'lokyuhtruhs), 
interlocutrice, interlocutrix / / (say 
intuh'lokyuhtriks), feminine noun 
 
occlude 
/ / (say uh'kloohd) 
verb (occluded, occluding)  
--verb (t) 1. to close, shut, or stop up (a passage, etc.). 
2. to shut in, out, or off. 
3.  Chemistry (of certain metals and other solids) to absorb and 
retain (gases or liquids) in minute pores or spaces in the crystal 
lattice. 
--verb (i) 4.  Dentistry to shut or close against each other, as the 
opposing teeth of the upper and lower jaws. [Latin occludere 
shut up, close up]  
--occludent, adjective 
 
perception  
/ / (say puh'sepshuhn) 
noun 1. the action or faculty of perceiving; cognition; a taking 
cognisance, as of a sensible object. 
2. an immediate or intuitive recognition, as of a moral or 
aesthetic quality. 
3. the result or product of perceiving, as distinguished from the 
act of perceiving; a percept. 
4.  Psychology a single unified meaning obtained from sensory 
processes while a stimulus is present. [late Middle English, from 
Latin perceptio comprehension]  
--perceptional, adjective 
 
plasticity  
/ / (say plas'tisuhtee) 
noun 1. the quality of being plastic. 
2. capability of being moulded, receiving shape, or being 
brought to a definite form.  
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plastic  
/ / (say 'plastik) 
2. capable of being moulded or of receiving form: plastic 
substances. 
4. having the power of moulding or shaping formless or yielding 
material. 
5.  Biology, Pathology→ formative (def. 3). 
7. pliable; impressionable: the plastic mind of youth. 
 
presence 
/ / (say 'prezuhns) 
noun 1. the state or fact of being present, as with others or in a 
place. 
2. attendance or company. 
3. immediate vicinity; close proximity: in the presence of 
witnesses. 
4. the immediate personal vicinity of a great personage giving 
audience or reception. 
5. personal appearance or bearing, especially of a dignified or 
imposing kind: *he has a presence about him which is not 
always of the warmest nature unless you know him. --BERT 
NEWTON, 1977. 
6. a person, especially of dignified or fine appearance. 
7. a divine or spiritual being. 
8. a supernatural influence felt to be close at hand. [Middle 
English, from Old French, from Latin praesentia] 
 
quantitative 
/ / (say 'kwontuh.taytiv), /
/ (say 'kwontuhtuhtiv) 
adjective 1. that is or may be estimated by quantity. 
2. of or relating to the describing or measuring of quantity. 
3.  Prosody of or relating to the metrical system in classical 
poetry based on feet of long and short, rather than accented and 
unaccented, syllables. 
4. of or relating to the length or quantity of a vowel. [Medieval 
Latin quantitativus]  
--quantitatively, adverb 
--quantitativeness, noun 
 
qualitative 
/ / (say 'kwoluh.taytiv), / / 
(say 'kwoluhtuhtiv) 
adjective relating to or concerned with quality or qualities. [Late 
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Latin qualitativus]  
--qualitatively, adverb 
schema  
/ / (say 'skeemuh) 
noun (plural schemata / / (say 'skeemuhtuh)) 
1. a diagram, plan, or scheme. 
2.  Philosophy (in Kantianism) a rule or principle whereby a 
category of the understanding is applied to experience. It 
mediates between the universality of the pure concept (which is 
opaque to sense) and the particularity of sense (which is opaque 
to the understanding). [Greek: form]  
 
semantics 
/ / (say suh'mantiks) 
noun 1.  Linguistics the systematic study of the meanings of 
words and changes thereof. 
2.  Logic that branch of modern logic which studies the relations 
between signs and what they denote or signify. 
 
sentient 
/ / (say 'senteeuhnt), / / (say 
'senshuhnt) 
adjective 1. that feels; having the power of perception by the 
senses. 
2. characterised by sensation. 
--noun 3. someone or something that is sentient. 
4. the mind. [Latin sentiens, present participle, feeling]  
--sentiently, adverb 
 
somatic 
/ / (say soh'matik) 
adjective 1.  Anatomy, Zoology relating to the body of an animal, 
or more especially to its walls, as distinct from the viscera, limbs 
and head. 
2.  Biology relating to the soma. 
3. of the body; bodily; physical. [Greek somatikos of the body] 
 
subsume  
/ / (say suhb'syoohm) 
verb (t) (subsumed, subsuming)  
1. to consider (an idea, term, proposition, etc.) as part of a more 
comprehensive one. 
2. bring (a case, instance, etc.) under a rule. 
3. to take up into or include in a larger or higher class or a more 
inclusive classification: *Even his old church, now subsumed 
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into the Uniting Church, was urging him to say sorry for the 
nation. --DAVID MARR, 1999. [New Latin subsumere, from 
Latin sub- SUB- + sumere take]  
 
sympathy 
/ / (say 'simpuhthee) 
noun (plural sympathies)  
1. community of or agreement in feeling, as between persons or 
on the part of one person with respect to another. 
2. the community of feeling naturally existing between persons 
of like tastes or opinion or of congenial dispositions: to be in 
sympathy with another. 
3. the fact or the power of entering into the feelings of another, 
especially in sorrow or trouble; fellow feeling, compassion, or 
commiseration: She expressed her sympathy for a fellow 
sufferer. 
4. (plural) feelings or impulses of compassion: my sympathies 
are all with the underdog. 
5. favourable or approving accord; favour or approval: I have 
sympathy with that view. 
6. agreement, consonance, or accord: these views are in 
sympathy. 
7.  Psychology a relation between persons whereby the condition 
of one induces a responsive condition in another. 
 
synergy 
/ / (say 'sinuhjee) 
noun (plural synergies)  
1. combined action. 
2. the cooperative action of two or more bodily organs or the 
like. 
3. the cooperative action of two or more stimuli or drugs. 
4. the effect, greater than the sum of the parts, that comes from 
the combined operation of a number of forces, persons, 
mechanisms, etc.: *Mr Rutherford said a part of the trick in 
finding the necessary synergy was in combining two essentially 
different personalities --AUSTRALIAN, 1992. [New Latin 
synergia, from Greek]  
--synergic / / (say suh'nerjik), adjective 
--synergise = synergize, verb 
 
temporal 
/ / (say 'tempuhruhl), / / (say 
'tempruhl) 
adjective 1. of or relating to time. 
2. relating to or concerned with the present life or this world; 
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worldly. 
3. enduring for a time only; temporary; transitory. 
4.  Grammar 
a. of, relating to, or expressing time: a temporal adverb. 
b. of or relating to the tenses of a verb. 
5. secular, lay, or civil (as opposed to spiritual or ecclesiastical). 
--noun 6. (chiefly plural) a temporal possession, estate, or the 
like; a temporality. 
7. (chiefly plural) that which is temporal; a temporal matter or 
affair. [Middle English, from Latin temporalis relating to or 
enduring for a time]  
--temporally, adverb 
 
transponder 
/ / (say trans'ponduh) 
noun a transmitter controlled by a receiver so that it transmits 
information in response to interrogating signals, as on a 
communications satellite relaying signals around the world. 
[TRANS(MITTER) + (RES)POND + -ER1] 
 
transpose 
/ / (say trans'pohz) 
verb (t) (transposed, transposing)  
1. to alter the relative position or order of (a thing in a series, or 
a series of things). 
2. to cause (two or more things) to change places; interchange. 
3. to alter the order of (letters in a word, or words in a sentence). 
4.  Algebra to bring (a term) from one side of an equation to the 
other, with change of the plus or minus sign. 
5.  Music to reproduce in a different key, by raising or lowering 
in pitch. 
6.  Rare to transfer or transport. 
7.  Obsolete to transform; transmute. [Middle English 
transpose(n), from French transposer, trans- across + poser 
place. See POSE1]  
--transposable, adjective 
--transposer, noun 
 
ultrasound 
/ / (say 'ultruhsownd) 
noun 1. pressure waves similar in nature to soundwaves but 
whose frequencies, greater than 20~000 hertz, are above the 
audible limit. 
2. the diagnostic or therapeutic use of such waves, as in the 
imaging of internal organs of the body or in deep-heat treatment 
of joints, muscle injuries, or sinus blockages. 
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